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DEVICE FOR NONINVASIVE DETERMINATION OF BLOOD PARAMETERS 

TECHNICAL FIELD 

1. Field of the Invgntipn 

This invention generally relates to a noninvasive method of quantitatively 
5 determining the concentration of components in a light- or other radiation- 
scattering environment. A novel means of varying temperature or other 
parameters to assist in determinations is presented. 

More particularly, the invention relates to spectrophotometry systems and 
measurements of behavior, action or function of substances which are affected by 
1 0 temperature or other variables. 

A method and device for the continuous monitoring of blood parameters is 
especially disclosed. This technology makes use of measurement of temperature- 
induced changes in the respiratory molecule hemoglobin to determine acid-base 
balance and other parameters. 



15 2. Description of the Related Art 

There is no device currently known which can noninvasively measure pH 
and/or blood gases. 

In a broad context, differential thermal analysis is a technique used in 
analytical chemistry for identifying and quantitatively analyzing the chemical 
20 composition of substances by observing the thermal behavior of a sample as it is 
heated. This methodology is widely used for identifying minerals and mineral 
structures, but Is not performed noninvasively and is in fact usually destructive to 
the sample being tested. It is not useful in biologic applications. Similarly, related 
thermometric methods such as thermogravimetry, calorimetry, and cryoscopy are 
25 not related to the present invention. 

Induction of temperature changes has been used in the experimental study 
of chemical kinetics to facilitate measurement of reaction rates. The technique 
described herein does not depend upon any chemical reaction taking place. 

Temperature is a very important factor in the chemistry of both biologic and 
30 non-biologic systems. It reckons in the speed of reactions; indeed, if a reaction 
will occur at all. Temperature can be relatively easy t both measure and regulate. 
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Furthermore, changing the temperature of a substance or system does not 
normally damage the substance in any way (within a certain range; clearly 
temperature extremes will harm almost any system). Temperature by itself can 
affect acid-base balance and pH because of a direct affect on the hydrogen ion. 
5 Spectrophotometry is a commonly used technique for the identification and 

quantification of substances. It is used in medicine in the form of pulse oximetry, 
to determine the ratio of oxyhemoglobin to deoxyhemogiobin and thus measure 
the oxygenation status of a patient. Spectrophotometry deals with measurement 
of the radiant energy transmitted or reflected by a body as a function of the 

10 wavelength. Infrared (IR) spectroscopy passes infrared light through an organic 
molecule and produces a spectrum that can be plotted as the amount of light 
transmitted versus the wavelength of infrared radiation. Since all bonds in an 
organic molecule interact with infrared radiation, IR spectra provide a great deal of 
structural data, allowing identification to be made. There is a large area of prior art 

15 relating to spectrophotometry and, more specifically, to oximetry. The most 
relevant prior art known by the inventor is reviewed below, but none relate to the 
unique determinations, made possible by the method and device disclosed in this 
application. 

U.S. patent 5,431.159. issued July 11. 1995 to Baker et al, describes 
20 methods of improving measurements made by standard pulse oximetry. While 
these devices may improve the signal quality and signal-to-noise ratio for oximeter 
calculations, they do not allow for any new determinations, as outlined in the 
present application. 

U.S. patent 5,101,825, issued April 7, 1982 to Gravenstein et al, purports to 
25 measure hemoglobin noninvasively by means of simultaneous measurement of 
volume changes and changes in the mass of hemoglobin species measured by 
oximetry. It is unclear how blood volume changes could be determined to the 
desired accuracy. 

U.S. patent 5,499.627, issued March 19, 1996 to Steueret al, claims a 
30 system for noninvasive hematocrit monitoring. The patent describes techniques 
of measuring the infrared absorption of hemoglobin at isobestic points of the oxy 
and deoxy species. However, there is no discussion relating to the use of 
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temperature changes and, therefore, Steuer et al. is not particularly relavent to the 
present invention. 

U.S. patent 5,427.093. issued June 27, 1995 to Ogawa et a^describes a 
device to disperse heat generated by the LED in an oximeter probe-by means of a 
5 heat-dissipating plate. This is a potential benefit for standard pulse oximeters, but 
in no way improves their measurements or allow for new determinations, as in the 
device and method described herein. 

U.S. patent 4,167,331, issued September 1 1, 1979 to Nielsen, teaches the 
use of multiple wavelength techniques for identification of multiple absorbing 
1 0 substances. 

Several patents claim the non-invasive measurement of blood glucose 
using modified light radiation. U.S. patent 4,704,029, issued November 3, 1987 to 
Van Heuvelen, discloses the measurement of blood glucose by utilizing a 
refractometer. U.S. patent 5,448,992, issued September 12. 1995 to Kupershmidt. 

15 bases measurements on a polarized-modulated laser. U.S. patent 5,433,197 to 
Stark describes non-invasive glucose measurement using irradiation of the eye. 
There are many other such references, but none relate specifically to the 
technique of this application. 

U.S. patent 4,805,623. issued February 21 . 1989 to Jobsis, describes a 

20 spectrophotometric method of determining the concentration of a dilute component 
together with a reference component of known concentration. While not similar to 
the technology here disclosed, the patent teaches that obtaining an appropriate 
reference component is often problematic. The technique outlined in the present 
application obviates this lack of reference components for many cases, as 

25 determination of the concentration of many substances, such as hemoglobin level, 
in blood or other environments can now be done, and they in turn can serve as 
reference components. 

U.S. patent 5,492,118. issued February 20. 1996 to Gratton et al, also 
discloses a technique for determining material (specifically glucose) 

30 concentrations in tissues. This is done by measuring the scattering coefficient of 
light passed through the tissue and comparing this with a previous scattering 
coefficient determined with respect to the tissue. 
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U.S. patent 5,402,777, issued April 4. 1995 to Warring et al. describes a 
device to facilitate non-invasive oxygen monitoring. This is a sensor system 
designed to improve the perfonnance of a pulse oximeter under certain 
circumstances. While this may be a useful aid in standard pulse oximetry, it in no 
5 way enables any additional determinations to be made, as in the device described 
in the present invention. 

Additionally, many patents disclose improvements to pulse oximeter probes 
or sensor as advances in the art. Included in this group is U.S. patent 5,469.845 
DeLonzor et al, and many others. 



"lO 3- Phvsioloav and BiQchemifi trv Baftkq rnnprf 

This section refers specifically to hemoglobin and oximetry. Changes in 
many other substances secondary to thermal effects also occur, and 
measurements and determinations based on these effects are meant to be 
included within the scope of this patent application. 
1 5 Hemoglobin is the molecule which is essentially entirely responsible for 

carrying oxygen in all vertebrates and some invertebrates (See; Nunn's A ppli^H 
Respiratory Phyj^lojogy . Cambridge. MA; Butterworth - Heinemann. 4th Edition 
(1993). Chapter 10. pp 219-246); the remainder of this discussion will be limited to 
humans. It is contained in the red blood cell (RBC, erythrocyte), which is the most 
20 common cell in the body. A molecule or single unit of hemoglobin (Hb) contains 4 
iron groups, each of which can bind 1 molecule or unit of oxygen. Because there 
are 4 iron groups, a molecule of Hb can contain from 0 to 4 molecules of O^. Hb 
which is carrying is known as oxyhemoglobin (HbO^). Hb not carrying oxygen in 
known as deoxyhemoglobin. The relative number of molecules bound to a Hb 
25 molecule is referred to as saturation, expressed in percentage. Of course, blood is 
composed of billions and billions of RBCs and Hb molecules, so the averaged 
saturation can take on any value from 0 to 100%. 

How well Hb is saturated with 0^ depends mainly on the "partial pressure" 
of oxygen in the blood. The higher the pressure of oxygen in the blood (PO^). the 
30 higher the saturation (SO^). However, the relationship between Po^ and SO^ 
not linear (change in one is not always directly proportional to change in the 



IS 
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Other), The dependence is described by a S-shaped "sigmoid" curve, common in 
the biologic sciences. This particular curve is call the Hemoglobin-Oxygen 
Dissociation Curve (HODC; see Figure 1). Hb absorbs O2 in the lungs (to form 
HbOj). As the RBC travels to the tissues, the HbOj releases oxygen. 

5 Determination of the physiological parameters is a very important part of 

modern medical practice. Unfortunately, measurement of any of these parameters 
has until recently always required a blood sample (arterial and/or venous) to be 
drawn, which is then analyzed by a laboratory. 

During the 1970's the first pulse oximeter was introduced. This device 

10 made use of spectrophotometry to allow approximation of arterial oxygen 
saturation (SaOz). termed SpOz (saturation measured by pulse oximetry), by 
noninvasive means. After improvements, pulse oximeters are now commonplace 
in acute health care settings. 

Pulse oximeter design and function are well documented. The two principal 

15 forms of Hb (oxy and deoxy: Hb and HbOj) absorb different wavelengths of light 
to varying degrees. The standard oximeter utilizes 2 wavelengths, one in the "red" 
portion of the light spectrum and the other in the near-infrared. The absorbance 
of emissions from light-emitting diodes (LEDs) of appropriate wavelength is 
measured. The pulsatile (AC) and non-pulsatile (DC) components are calculated 

20 and compared, and the ratio of the corrected signal is collated to a stored 
calibration curve to yield SpOj. 

Transcutaneous monitoring of oxygen and carbon dioxide is also used as 
discussed in S.J. Barker, "Monitoring Oxygen and Carbon Dioxide", International 
Anesthesia Research Society . March 1996. pp 1-7, but there are several practical 

25 difficulties with this technology. It is dependent upon cardiac output and skin 
perfusion, the electrode must be calibrated before application to the skin, and the 
sensor's membrane and electrolyte must be replaced periodically. The only 
significant application has been found in neonatology. 

There are many references disclosing noninvasive determination of 

30 glucose. However, no device has yet found acceptance in the marketplace for this 
function. 

There have also been numerous attempts at monitoring using miniaturized 
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probes passed through arterial cannulae. The first approach employed Clark 
electrodes, the same oxygen electrode used In the laboratory blood-gas analyzer. 
More recently, the principle of florescence quenching has been used to develop 
fiberoptic "optodes" which can continuously monitor pH and PCO2 as well as PO2 
5 through an arterial cannula. Unfortunately, there have been some technical 
problems with optode accuracy and reliability. While this technology will no doubt 
improve, it remains very costly and is of course invasive in nature. 

Thus, the SO2 can now be determined noninvasively. However, still the 
only way to determine pH and other parameters accurately has been by drawing a 
10 blood sample and utilizing laboratory analysis. Such analysis is obviously invasive 
(requires breaking the skin; any time the skin barrier is ruptured inflammation 
and/or infection can ensue), very painful (puncture of an artery is technically more 
difficult and much more painful than puncture of a vein, which is how most blood 
tests are performed), risks blood contamination for both the subject and the 
1 5 person drawing the blood, and creates toxic medical waste (syringe, needle, 
gloves, skin dressing, test tube or other container). It is expensive to perform, not 
only from the supplies and the cost of the analyzer making the measurement, but 
the operation of the analyzer and the drawing of the blood both require trained 
personnel. The analyzer must be calibrated frequently with chemical reagents 
20 which are costly and must be disposed of safely. Arterial puncture is also 

inherently dangerous, as it can cause a clot in the artery, and prevent blood flow 
"downstream", thus depriving those tissues of oxygen. 

Therefore, it would be an advance in the art to provide a system and 
method to noninvasively and quantitatively assess acid-base balance and related 
25 variables. It would be another advance in the art to noninvasively and 

quantitatively measure hemoglobin level ("blood count") and oxygen content and 
capacity. It would be yet another improvement in the art to determine all these 
parameters rapidly and continuously. It would be of great betterment to make 
these measurements without the need for laboratory analysis, equipment, and 
30 personnel. It would be an progression to have a device with such capabilities that 
is easily transportable that could be used in an ambulance or when conveying a 
patient from one location to another. 



aNSDOOD:<WO SB03847«3> 



SUBSTITUTE SHEET (RULE 26) 



wo 98/03847 PCr/US97/U895 

7 

It would be a further advance to have a device for immediate diagnosis of 
poisoning such as that due to carbon monoxide. It would be advantageous to 
allow rapid noninvasive screening of blood disorders such as sickle cell anemia. 

DISCLOSURE OF INVENTION 

5 The subject invention concerns a novel method for noninvasive 

determination of properties of subject matter and the environment or milieu in 
which the subject matter exists. The method utilizes changes in molecules 
induced by thermal energy to facilitate measurements. In a preferred 
embodiment, a new and unique method and device for noninvasive determination 

10 of oxygen saturation (SOj), partial pressure of oxygen (PO2). partial pressure of 
carbon dioxide (PCO2). bicarbonate ion (HCO3), total carbon dioxide (TCO2), acid- 
base balance (pH), base excess, total hemoglobin level (Thb). hematocrit (Hot) 
oxyhemoglobin level, deoxyhemoglobin level, and oxygen content is described. 
The HODC is "shifted" to the left or right (as shown in Figures 2 and 3 and 

15 as discussed in the literature) by three factors: temperature, acid-base balance of 
the blood, and the concentration of substances called organic phosphates in the 
blood. The organic phosphates (the principal one is called 2,3- 
diphosphoglycerate: 2,3-DPG or 2,3-biphosphogtycerate: 2,3-BPG ) are 
molecules which bind to Hb to facilitate oxygen transport. While they are 

20 important, disorders are very rare, and virtually all people can be assumed to have 
normal levels except in exceptional circumstances. They will not be addressed 
further here. 

This leaves temperature and acid-base balance. The effects of these 
factors have been well described in the references cited. However, the only use of 
25 this information has been to "correct" values of blood samples to what they would 
read at standard temperature and pH. 

The technology described herein utilizes the known shifts in the HODC, 
along with other science, to perform the measurements and calculations 
necessary to determine all parameters mentioned above. As mentioned, the 
30 factors which cause these shifts are well documented, as are the relative degrees 
of shift due to each factor. By controlling and varying temperature, one can 
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calculate the degree of shift due to thermal effects. Any remaining degree of shift 
is due to alteration in acid-base balance. As the influence of acid-base balance 
upon the HODC is known, alterations and status of acid-base balance can be 
determined. 

The oximeter estimates the SO2 of blood. Thus, it is in effect delineating a 
point on the HODC. Clearly, this is oblivious of any shift in the curve. By 
measuring SO2 at two or more points at known temperatures, or one point where 
the temperature is changed to two or more different known values, one can 
calculate the "standard" cun/e. Any deviation in measured values from this curve 
imply an alteration in acid-base status. 

in addition, the pH and PCO2 are known to be affected by the temperature 
of blood, and these effects are quantified in the literature. (See, O.Siggaard- 
Anderson. The Acid-Base Status of tha Rinnri, 4th Edition, pp. 29-91; Baltimore, 
MD; Williams & Wilkins (1974), and J.F. Nunn, Nunn's Appied Respiratory 
Physiology , 4th Edition, pp. 247-305; Cambridge. MA, Buttenworth-Heinemann 
(1993). 

Thus, comparison of saturation values at different known temperatures 
allows computation of acid-base balance and the parameters which affect it. 

As the hemoglobin molecule is the primary buffer for acid-base balance in 
the body, estimation of hemoglobin level can be made from the degree of buffering 
effect (see Figure 4 and H.W. Davenport, The ABC of Acid-Base Chemistry 5th 
Edition revised, pp. 8-68, Chicago, IL, University of Chicago Press (1971). 

The technique of repetitious detenninations made while altering 
temperature or other variables allows a multitude of additional analyses to be 
made. The determinations can be made intermittently or continuously. 

The invention, together with additional features and advantages thereof, 
may best be understood by reference to the following description taken in 
connection with the accompanying illustrative drawings. 

BRIEF SUMMARY OF DRAWINGS 
Figure 1 is a representative graph of the normal hemoglobin-oxygen 
dissociation curve. 
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Figure 2 is a similar graph showing examples of "shifts" or alterations in 
the hemoglobin-oxygen dissociation cun/e due to changes in temperature. 

Figure 3 is a similar graph showing examples of "shifts" or alterations in 
the hemoglobin-oxygen dissociation curve due to changes in acid-base (pH) status 
of the blood. 

Figure 4 is a representative graph of the hemoglobin buffering effect in 
whole blood. 

Figure 5a shows an embodiment of the invention for use on a finger. As 
mentioned in the text, any part of the body that can be successfully 
transilluminated with the radiant energy used can be utilized. Thus, toes, lips, etc. 
could also be used. 

Figure 5b shows an embodiment of the invention using two fingers. 

Figure 5c shows an embodiment of the invention using three fingers. 

Figure 6 shows a close-up of an embodiment of a probe for use on a 
finger. The temperature induction and measurement instrumentation are included, 
as are radiation emission and detection means. Information would be relayed 
between the probe and additional components (processing, entry, and display 
units). 

Figure 7 shows an embodiment of the invention whereby fingers are 
placed inside a housing. This embodiment allows multiple simultaneous 
measurements to be made. The radiation source, emitters and detectors, and 
heating/cooling means would all be contained within the casing. The processing, 
entry, and display units could also be housed within the casing for a single self- 
contained assemblage. 

Figure 8 shows a close-up of an embodiment of a casing containing 
elements of the invention. 

Figure 9 shows a close-up of an embodiment of the invention for use on 

tubing. 

Figure 10 shows a preferred embodiment for the production and 
transmission of light radiation. Light of a specific wavelength and intensity is 
generated and transmitted to the desired site. 

Figure 11 shows a standard calibration cun/e used in pulse oximeters. The 
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calibration curve is used by the oximeter to calculate arterial oxygen saturation 
(SaOj ) from the ratio (R) of the light absorbed (A) by the tissue being monitored. 

MODE FOR CARRYING OUT THE INVENTION 

Many forms of electromagnetic radiation can be used to aid in identification 
of, or to provide other relevant information about molecules, or substances, or their 
environment. The invention herein utilizes induced temperature changes to assist 
and improve these measurements, and enables determinations not previously 
possible. The description which follows is in reference to the study of blood , but 
can be applied to other substances as well. 

All matter is affected by electromagnetic radiation and heating. The longer 
radio waves induce chiefly themial agitation of molecules and excitation of 
molecular rotations, while infi-ared rays excite vibrational modes of large molecules 
and release fluorescent emission as well as heat. These effects are documented 
in standard texts and reference works of physical chemistry. However, many 
biologic molecules, and a great number of other substances, exhibit effects or 
behavior when exposed to temperature variation which are not directly attributable 
to thermal energy. These indirect effects can be used to aid in identification of, or 
to provide other relevant information about, the molecule or substance or its 
environment. The invention herein detailed enables measurements and 
determinations of these effects. The description which follows is in reference to 
study of the hemoglobin molecule, but extension to other substances ensues 
clearly. 

One part of the invention consists of methods of spectrophotometry and 
oximetry commonly employed in the practice of medicine. Another part of the 
invention consists of a device used to induce temperature changes in blood or 
other media. Included herein are algorithms for the calculation of variables not 
measured directly. The algorithm outlined below serves as an example, but 
modifications are possible to arrive at the indicated results, and are meant to be 
included within the spirit or this invention. In a preferred embodiment, the 
invention consists of a radiation delivery device 10 for facilitating the noninvasive 
monitoring of a characteristic of a patient's blood parameters. The device 10 as 



SUBSTITUTE SHEET (RULE 26) 



wo 98/03847 PCr/US97/11895 

11 

shown in Figures 5a-c and 6 is used to induce temperature changes in the blood. 
The device 10 includes a radiation emitter 12 having at least one wavelength 
being applied through a patient's tissue (T) to the patient's blood; a radiation 
detector 14 which detects reception of the at least one wavelength after 
absorbance through the blood; a temperature induction generator 16 for inducing 
temperature changes in the blood; and a controller 18 for computing the various 
blood parameters based on the absorbance of the at least one wavelength of 
radiation at various temperature levels of the blood. The radiation emitter 12. 
detector 14, temperature induction generator 16 are all inserted in a probe 20 
which can be placed about the tissue/blood to be measured. 

The probe 20 may also include a temperature sensing or measuring device 
22 so that the temperature of the tissue and blood can be accurately determined. 
The controller 18 includes a computing device or standard personal computer (PC) 
with a monitor 24. Included within the controller are algorithms for the calculation 
of variables not measured directly. The algorithm outlined below serves as an 
example, but modifications are possible to arrive at the indicated results, and are 
meant to be included within the spirit of this application. Various additional 
components of the device 10 will be discussed in more detail below with reference 
to Examples 1-18. 

The normal temperature of the human body is defined to be 37° centigrade, 
the normal pH is defined to be 7.40, and the normal base excess is defined to be 
0. These values are not necessary for the practice of the invention, but serve as 
reference points for values in the current medical literature. 

Of note, the hemoglobin level and oxygenation of the blood in the arterial 
circulation is the same no matter vyhere measured, as blood is thoroughly mixed in 
the left heart before ejection. Thus, the probes could be on fingers, toes, lips, etc., 
or any combination of these. 

The description is also intended to include in vitro blood containers such as 
tubes 30 such as shown in Figure 9. The reference numerals in Figure 9 are the 
same as shown in Figure 6. 

The electromagnetic radiafion in this description will refer to light in the 
visible and infrared range although, as noted in the attached claims, it is 
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conceivable that other forms could be used. 

Similarly, while the present Invention describes the use of transillumination, 
it will be appreciated that reflectance spectrophotometry may alternatively be 
employed. 

5 The absorbance spectra for a great many substances are known, for 

example, that of glucose. A problem with infrared detection of glucose Is that 
many other substances in blood have similar absorbances in regions of the 
infrared spectrum. This makes it difficult to differentiate glucose from these other 
substances. However, all infrared spectra will alter in response to temperature 
1 0 change. By definition, the spectra of different substances will change in different 
ways, because their molecular configurations are different. Thus, comparison or 
spectra at varying temperatures will allow separate identification. 

OPERATION OF DEVICE 

1 5 Incident radiation passing through a body part is attenuated (absorbed) in 

the tissue. The theoretical basis for spectrophotometric techniques is Beer's law 
(the Beer-Lambert-Bouguer law) which expresses the incident intensity in terms of 
transmitted intensity and extinction coefficients of the tissue compartments through 
which the radiation has passed. The equation can be written as: 
20 ln(l^l)=ECL 

where 1^ is the incident intensity of the source radiation, I is the transmitted 
intensity of the source through the sample. E is the extinction coefficient of the 
component of interest. C is the concentration of the component in the tissue itself, 
and L is the optical path length (distance) through the absorber. Beer's law and 
the practice of spectrophotometry and oximetry have been exhaustively reviewed 
in the literature. Pulse oximetry in effect filters out signals other that pulsating 
(AC). In the body, it can be assumed that the pulsatile component of the signal is 
arterial blood, while all other tissue absorbers should be non-pulsatile (DC). 

A light signal of a known intensity and wavelength is produced by means of 
30 light-emitting diodes (LEDs) as in currently used oximeters or, as In the preferred 
embodiment, a broad-band light source whereby wavelengths are isolated by a 
rotating filter or diffusion grating. In the latter case, the emitted light is distilled 



25 
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through a filter which allows a known wavelength and intensity of light to 
penetrate. Use of tunable lasers or other equipment is also possible. 

If the light source is proximate to the point of use. no further mode of 
transmission will be needed. If it is not, the light will be transported to the desired 
5 point by means such as a fiber optic cable, preserving the wavelength and 
intensity. 

Several means of temperature induction are possible. Possibilities are 
convection, conduction from gas or liquid, or radiant energy such as microwaves. 
As with the light signal, If the heating/cooling source is at or immediately adjacent 

10 to the area of need, no further transmission may be needed. If this is not the case, 
the means will be transported to the desired point by appropriate tubing or cabling. 

Various means of temperature measurement are also possible. A large 
variety of electronic thermistors are commonly available. Other means such as 
infrared determination may also be used. 

15 A broad-band photo detector (in the case of visible or infrared light) or other 

means will be utilized to measure the quantity of transmitted light. The 
wavelength, intensity, and timing of the emitted signal is known, allowing the 
extinction coefficients for the compartments through which the light passed to be 
calculated. 

20 To generate a single data point, the temperature induction means is used 

to bring the finger (or tubing or other space of interest) to a known temperature; a 
temperature measurement means will be used to confirm the temperature and 
adjust the temperature induction means if necessary. Light of known wavelength 
and intensity is emitted (and transmitted if necessary) on the surface of interest. 

25 Detection of the light signal at a distinct point (normally opposing surface) is made 
and the relative absorbance and extinction of the signal is calculated. This 
measurement may be repeated one or more times to ensure the accuracy of the 
measurement; this can be done within a very short time frame (less than a 
millisecond). 

30 To generate multiple data points, the process outlined in the previous step 

will be repeated at the next chosen wavelength, while still at the same 
predetermined temperature. In the embodiment described herein, as shown in 
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Figure 10, the filter 42 would be rotated so that the next wavelength filter would be 
adjacent to the fiber optic transmission cable. The range and number of 
wavelengths can be selected, and changed for different applications. 

Once the desired number of wavelengths has been examined, the 
5 temperature induction means would bring the volume to a predetermined second 
temperature, and the data collection of steps would be repeated. At the 
completion of measurements and determinations for this second temperature, the 
temperature induction means will bring the space to a third predetermined 
temperature, and the measurements and determinations repeated. This process 

10 would be continued until the desired range of temperatures has been scrutinized. 
The device can be operated intermittently or continuously. In the 
intermittent mode, a single set of calculations can be used for analysis to produce 
the determinations claimed. However, the device can also be easily operated in 
continuous mode, with the process outlined above repeated as often as wished 

15 (constantly if desired). In addition, a rapid ("stat") mode can be offered with the 
minimum number of measurements made that will provide an accurate estimation 
of correct values. Such a rapid mode would be useful in emergency situations. 

While this methodology should give precise values, further adjustment may 
be desired to compensate for any discrepancies between theoretical and in vivo 

20 measurements. Contemporary oximeters in fact use a calibration curve when 
determining oxygen saturation, with the curve being generated with data from 
normal volunteers. A standard calibration curve for a typical oximeter is shown in 
Figure 11. If necessary, such a calibration or compensation curve can be created 
for use with these procedures for performing noninvasive. 

25 CALCULATIONS AND ANALYSIS 

The "Henderson-Hasselbach" equation, which is discussed by A. Maas, et. 
al,"On the reliability of the Henderson - Hasselbalch equation in routine clinical 
acid - base chemistry", Annals of Clinical Biochemistry Vol. 21, pp 26-39 (1984) is 
well known in physiologic chemistry, describes the dissolution of an acid in terms 

30 of pH, pK (dissolution or dissociation constant), and the concentrations of the acid 
and its salt or base. The solubility, a , of carbon dioxide (COj) is temperature- 
dependent, and the pK for COj depends on both temperature and pH. For CO2, 
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the Henderson-Hasselbach equation becomes: 

- IHCO3] 

pH = pK + lqg ; 

a PCO2 

5 or an alternate form can he used: 

since [TCOj] is very close to the sum of [HCO3"] and a PCO2 , 
[TCOJ = (HCO3] + a PCO2 and 
[HCOa-] = [TCO2] - a PCO2 ; then 

(TCO2] - a PCO2 

10 pH = pK + log 

a PCOa 

The degree of shift of the HODC is determined using calculations similar to that 
described below by Nunn (referenced above) and Kelman (G.R. Kelman. 
"Nomograms for Correction of Blood POj. PCO2, pH, and Base Excess for Time 
15 and Temperature", Journal of Applied Phvsloloav . Vol. 21 , No. 5. pp 1484 - 1490, 
(1966)), and modified by Siggaard-Andersen (referenced above) and others, can 
be calculated by: 

temperature factor = antilog{0.024(37-temperature)} 
pH factor = antllog{0.48(pH-7.40)} 
20 base excess factors antilog{-0.001 3 X base excess} 

Calculation of blood oxygen content is made by computations similar to that of 
Nunn: 

content (ml Oj/dl) = THb(g/dl) x SOj x 1.38(ml Oj/g HbOj) + 0.003 x 

PO2 

25 Conversion of POj to SOj is done using modifications of Adair's equation or 
Kelman's computation: 
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SO2 = (25 X (0.0257 X PO2 + 2 X 0.00078 x (POs)^ + 3 x 0.00000444 x (POj)^ + 4 
X 0.00000255 x (PO2)') / (1 + 0.0257 x PO2 + 0.00078 x (POz)^ + 
0,00000444 X (PO-s)^ + 0.00000255 x {PO^Y)) 

5 

calculation of base excess can be done by the following formula or other known 
means: 

base excess = (1 - 0.0143 x Hb) x ( [HCO3"] - 24) 

10 'It should be noted that all stated formulas are subject to change and/or 

modification, and represent approximate values. Alterations of this algorithm will 
be suggested to those skilled in the art, and are meant to be included within the 
scope and spirit of this application. 

The following algorithm describes the use of the present invention. Some 

1 5 variables have degrees of co-dependence. In these cases, values are calculated 
by Iterative computational techniques. 

Measurement of SO2 is made by a first probe 12 and apparatus 10 
comparable to that shown in Figures 5 and 6. using methods similar to standard 
oximetry described in the prior art. The probe is at a set known temperature. 

20 Calculation of PO2 is made using computations similar to those described in the 
references and set forth above. For convenience, this probe may be brought to 
37°, in which case the "true PO2" can be calculated without correction for 
temperature ("normalization" to 37° ). If the temperature is in fact a different value, 
correction may made by methods similar to those described in the references and 

25 described above. 

Measurement of SO2 is made by a second probe at a different temperature. 
Alternately, the temperature of the single probe can be changed, and a 
determination of SO2 made at the new temperature. A higher or lower value of 
temperature can be used, although for ease of measurement one may be 
30 preferable. 

Calculation of PO2 is made as above. The difference in PO2 due to the 
temperature difference (shift in HODC) between the two measurements is 
factored. 
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After the temperature change has been factored, any remaining difference 
is due to a shift in the HODC due to acid-base balance. This is primarily due to pH 
and only a very small component is due to base excess. The base excess can be 
computed by other means and then back-factored into the calculated shift in the 
HODC. 

The "pH factor" is calculated from the ratio of the two determinations of 

Correction of the pH factor is made for the known change in pH due to 
change in temperature. Biochemically. *'=^mperature has an effect on the hydrogen 
ion distinct from the shift in the HODC. 

The alteration of pH from normal (7.40) is calculated. If there is no 
alteration, this implies a pH of 7,40. 

Now that the pH is known, computation of the carbon dioxide parameters is 
done using the Henderson-Hasselbach equation as described above. The effect 
of temperature on PCOj is known, as in the consequence of temperature and pH 
on pK. Thus, PCO2. [HCO3"], and [TCOj] can be computed or calculated by 
nomograms similar to those elucidated by Siggaard-Andersen (referenced above) 
and others. 

Now that the pH and [HCO3-] are known, computation of Hb level can be 
made by construction of the buffer line of blood as shown in Figure 4 (see also, 
Davenport, referenced above). Calculation of base excess is done as in the 
formula above. As mentioned, base excess can also be computed from a relative 
shift in the HODC, and this additional computation can serve as a confirmation of 
Hb level. 

Oxygen content is computed as per the calculation above. 

As mentioned above, modifications of this algorithm will be suggested to 
those skilled in the art, and are meant to be included within the scope and spirit 
of this application. For instance, the case of base excess was cited. 
Additionally, the effects of 2,3-DPG have been ignored in this description, as 
they are not normally considered in current clinical practice. Clearly one may 
wish to take these into account under certain circumstances. 

Similarly, the effects oxygen and carbon dioxide have on the transport of 
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each other in blood are described by the Bohr and Haldane effects (together with 
hemoglobin level). These effects can be used to calibrate and validate results. 

Following are examples which illustrate procedures for practicing the 
invention. These should not be constmed as limiting, and that various 
modifications will be suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and the scope of the appended 
claims. 



EXAMPLE 1 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. 
Measurement of SO2 is made by use of a light signal 12 and photo detector 14. 
The heating/cooling element 16 in the probe 20 is then used to raise the 
temperature of the finger (F) to approximately 40° C A second measurement of 
SO2 then is made. The algorithm outlined above is used by a computing device 
18 to calculate all relevant variables which can be displayed on a monitor 24 for 
evaluation by a user. 

A device 10 such as this might be used in place of laboratory analysis for 
stable patients or part of routine physical diagnosis, where the parameters are 
expected to change very little over the course of several minutes. 

EXAMPLE 2 

Two probes 26 and 28 similar to that Jilustrated in Figure 5b are used. The 
heating/cooling element 16 in one of the probes is used to raise the temperature of 
its finger to approximately 40° C. Simultaneous measurements of SO2 are made 
by the two probes, one probe at body temperature and the other probe at the 
raised temperature. The algorithm outlined above is used to calculate all relevant 
variables. 

Alternatively, the embodiment shown in Figures 7 and 8 is used. A device 
40 such as this might be used during anesthesia for brief or low-risk surgery, 
where the parameters might be expected to change somewhat over the course of 
several minutes. The device 40 is provided with a hand and finger housing 42 
which receives several fingers of a human patient within the housing. A single or 



SUBSTITUTE SHEET (RULE 26) 



wo 98/03847 PCT/US97/U895 

19 

multiple probes similar to that shown in Figure 6 can be provided in the housing 
with respective heating/cooling elements. 

EXAMPLE 3 

Three probes 32, 34, and 36 similar to that illustrated in Figure 5c are used. 
A first probe 32 is used without heating or cooling the respective finger. The 
heating/cooling device 16 in a second probe 34 is used to raise the temperature of 
one finger to approximately 40° C. The heating/cooling device 16 in a third probe 
36 is used to lower the temperature of a respective third finger to approximately 
33° C. Simultaneous measurements of SO2 are made by the three probes 32, 34, 
and 36. The algorithm outlined above is used by a computing device to calculate 
all relevant variables. 

Alternatively, the embodiment shown in Figures 7 and 8 having multiple 
finger probes could be used. 

A device such as this might be used in emergency rooms, critical care units, 
or during anesthesia for high-risk patients, where there is concern that the 
detemiined parameters might change very rapidly, and also where significantly 
lower values of SO2 and PO2 may occur. 

EXAMPLE 4 

Two probes 20 similar to that illustrated in Figure 9 are used. The 
heating/cooling device 16 in one of the probes is used to raise the temperature of 
its tubing 30 and contents to approximately 40° C. Simultaneous measurements 
of SO2 are made by the two probes. The algorithm outlined above is used to 
calculate all relevant variables. 

A device such as this might be used during hemodialysis, where the blood 
is circulated in tubing outside the body, and parameters might expected to change 
over the course of several minutes. 

EXAMPLE 5 

Three probes 20 similar to that illustrated in Figure 9 are used. The 
heating/cooling devices 16 in the probes are used to bring the temperatures of 
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three separated pieces of tubing 30 and their contents to 33°, 37°, and 40°, 
respectively. Simultaneous measurements of SO2 are made by the three probes. 
The algorithm outlined above is used to calculate all relevant variables. 

A device such as this might be used during cardiopulmonary bypass, where 
5 the blood is circulated in tubing outside the body, and parameters might be 
expected to change rapidly. 

EXAMPLE 6 

A single probe 20 similar to that Illustrated in Figures 5a and 6 is used. The 
heating/cooling device 16 In the probe is used to vary the temperature of the finger 
10 from 33° C to 40° C in increments of 1° C. Measurements of SO2 are made at 
the differing temperatures. The algorithm outlined above is used to calculate all 
relevant variables. 

In this manner, a series of data is collected for improved accuracy in 
performing calculations. 
15 Comparably, an example with a single probe 20 for tubing 30 similar to that 

in Figure 9 is envisioned. 

EXAMPLE 7 

Two or more probes 20 similar to that illustrated in Figures 5a and 6 is 
used. The heating/cooling device 16 in the probes are used to vary the 
20 temperatures of the fingers from 33° C to 40°.C in increments of 1° C. 

Measurements of SOj are made at the differing temperatures. The algorithm 
outlined above is used to calculate all relevant variables. 

In this manner, a series of data Is collected for improved accuracy In 
performing the calculations, 
25 Comparably, an example with two or more probes 20 for tubing 30 similar to 

that in Figure 9 is envisioned. 

EXAMPLE 8 

A single probe similar to that illustrated in Figures 5a, 5b, 5c, and 6 are 
used. Absorbance of emitted radiation over several wavelengths is measured. 
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A device such as this might be used to measure glucose, potassium, urea, 
creatinine, or other blood constituents. It could also detect substances not 
normally present in blood (or present in very small quantities) such as fetal 
hemoglobin, myoglobin, etc. 

Comparably, examples with two or more probes for tissue or tubing are 
envisioned. 

It is clear from the prior art cited that the invention described herein will 
measure the presence of other substances in blood in a manner equal, and in 
many cases superior, to current techniques. 

EXAMPLE 9 

A single probe 20 similar to that illustrated in Figure 9 is used. Instead of 
blood, measurements are made from a different body fluid such as urine, using the 
tubing from a bladder catheter. 

A device such as this might be used to measure glucose, urea, creatinine, 
or the excretion of some substance in the urine 

Comparably, examples with two or more probes 20 for tissue (T) or tubing 
30 can be utilized as discussed above. 

EXAMPLE 10 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. A 
multitude of wavelengths is scanned. Detection of ingested drugs, medications, or 
other substances, or their metabolites, is made. Similarly, substances which 
appear within the body after other types of exposure, such as inhalation, can be 
measured. 

Comparably, examples with two or more probes 20 for tissue (T) or tubing 
30 can be utilized. 

A device of this nature may be used in the workplace, hospital emergency 
rooms, or laboratories. Diagnosis of carbon monoxide poisoning 
(carboxyhemoglobin level) will be made rapidly and noninvasively. Even more 
importantly, the consequences of this poisoning, in the form of reduction in oxygen 
carrying capacity and metabolic acidosis, will be quickly known, allowing 
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appropriate therapy to be chosen (oxyhemoglobin, carboxyhemoglobin. oxygen 
content, and pH can all be measured with the present invention). The results of 
therapy can be monitored continuously, and as long as necessary. 

EXAMPLE 11 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. A 
multitude of wavelengths is scanned. Screening of sickle cell disease or trait or 
other hemoglobinopathies can be done quickly and noninvasively for large 
populations. Results can be confirmed by traditional laboratory analysis. 

Comparably, examples with two or more prcbes 20 for tissue (T) or tubing 
30 can also be utilized. 

It is within the scope of this invention for diagnosis of other diseases or 
conditions which can be distinguished by markers in blood or other substances 
carried in blood or other body fluids. Examples include blood typing, screening of 
potential donors for bone marrow transplantation, certain cancers, etc. 



EXAMPLE 12 

Emitters and detectors can be arranged in serial pairs or a like configuration 
in probes similar to those in Figures 5 and 6. This would enable calculations made 
in the time or frequency domain, such a wave or pulse velocity. Emitters and 
detectors can be also grouped in parallel or concentric arrangement in probes 
similar to those in Figures 5 and 6. This would enable multi-dimensional analysis, 
comparable to computerized tomography. 

EXAMPLE 13 

The use of the present invention in monitoring of water or other liquids is 
also envisioned. A mechanism could be easily constructed whereby a 
modification of the invention could be placed "in-line" for the water system of a 
building or city. In this manner the quality and purity of the water are constantly 
monitored and protected. The light absorption characteristics of an enormous 
number of substances are known, and can thus be screened for by the method of 
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the present invention. Toxins, contaminants, or undesired substances can be 
detected and recognized quickly and easily, and appropriate measures instituted. 

The sampling would not in any way affect the water or liquid, and the fluid 
would never leave its existing containers, such that samples would not have to be 
collected or disposed of in environmentally safe methods.. 

EXAMPLE 14 

The use in monitoring of air or other gases is also envisioned. A 
mechanism in which samples of air from a building or industrial plant are 
continually monitored. As mentioned in the previous example, the light absorption 
characteristics of a large number of substances are well documented, and these 
elements can be detected using this technique. Air quality can be monitored on a 
constant basis. Atmospheric sampling can be performed. 

EXAMPLE 15 

The in vitro utilization of this invention is further envisioned. Samples of 
blood or other body fluids can be taken, stored, and analyzed using the device at a 
later point. While some characteristics of blood or biologic fluids change over 
time, these changes are also well known, and the original characteristics can often 
be inferred. 

In the same line of reasoning, the invention may be used to investigate 
changes and alterations in blood or other substances over time or after subjecting 
the blood or other substance to some intervention. This is because the invention 
is noninvasive and nondestructive. 

EXAMPLE 16 

The use in remote sensing applications is possible. Infrared techniques for 
distant temperature sensing are in use. When combined with the present 
invention, one may be able to measure many biochemical processes remotely as 
well. This will assist In the study of atmospheric and other pollution, and a myriad 
of additional processes. 
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EXAMPLE 17 

The use in environmental studies, such as the investigation of global 
warming, is foreseen. Substances are sought as markers which indicate 
temperature changes over a period of time. This invention will aid in this by 
identifying changes due to temperature. 

EXAMPLE 18 

A broad range of additional applications is envisioned. Ultraviolet and X-ray 
radiation are used in the technical analysis of artwork to assist in the 
establishment authenticity and age. Modifications of this invention will help in 
nondestructive testing by detection of substances within such works, 

EXAMPLE 19 

It is known that the infrared absorbance spectrum of water changes with 
temperature. The absorbance spectra of elements contained within water 
(contaminants, pollutants, or other substances) will also change with temperature. 
The spectra of these substances will change in a different manner than the 
spectrum of water. Thus, use of temperature pertubation or other agitation may 
greatly aid in analysis of such substances, without having to change the primary 
detection means. Many types of analysis tools and techniques currently in use 
could be greatly improved without large investment or retooling. Future analysis' 
techniques could be developed utilizing this methodology to assist in 
measurements. 

Other variables or parameters not mentioned above an also be measured 
or estimated. For example, the hematocrit is commonly estimated as three times 
the hemoglobin level. As the primary determinants of blood viscosity are 
temperature and hematocrit, this can be estimated, which allows additional 
calculations of pressure, vessel elasticity, etc. 

The use of multiple or broad spectrum wavelength emission and detection 
(possibly combined with appropriate filters) enables the identification of a multitude 
of blood constituents, either naturally occurring or as the product of metabolism or 
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pharmacokinetics. Tlie identification of certain substances and their 
concentrations allows their use as references for determination of others. 

Hemoglobins are found in all classes of vertebrates, in most invertebrate 
phyla, and even in some plants. Other respiratory-pigments such as 

5 chlorocruorins, hemerythrins, and hemocyanins are found in other organisms' The 
function of all is dependent upon temperature and pH. Similarly, plants contain 
the molecule chorophyll in several forms. This substance is closely related to the 
hemoglobins of animal systems, and is also extremely sensitive to temperature 
changes. A multitude of other molecules, such as phosphorus compounds like the 

10 adenosine phosphates (ATP and others), found in both plants and animals, are 
reactive to temperature variation. The technology outlined in this patent 
application is relevant to measurements and determinations for all these 
substances and, in many cases, the environments or milieu in which they exist. 
The technique may be utilized on homogeneous elements or matter which 

1 5 • is a combination of substances. 

It should be understood that the examples and embodiments described 
herein are for illustrative purposes only, and that various modifications and 
embodiments will be suggested to persons skilled in the art. The claims are meant 
to include all such modifications and embodiments. 
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CLAIMS 

1 . A radiation delivery device (1 0, 40) for facilitating the noninvasive 
monitoring of a characteristic of a patienf s blood parameters, the device 
5 comprising: 

a radiation emitter (12) having at least one wavelength being applied to the 
patient's blood; 

a radiation detector (14) which detects reception of said at least one 
wavelength after absorbance through said blood; 
i 0 a temperature induction generator (16) for inducing temperature changes in 

said blood; and 

a controller (18) for computing the various blood parameters based on the 
absorbance of said at least one wavelength of radiation at various temperature 
levels of said blood. 

15 2. The radiation delivery device (10. 40) of claim 1 wherein the radiation is 

selected from the group of visible light, infrared light, and ultraviolet light. 

3. The radiation delivery device (10, 40) of claim 1 wherein the radiation 
emitter (12) has at least one wavelength being applied to a patient's tissue 
including blood, and said radiation detector (14) detects reception of said at least 

20 one wavelength after absorbance through said tissue. 

4. The radiation delivery device (10, 40) of claim 3, wherein said tissue is 
selected from the group comprising hands, fingers, feet, toes, ears, earlobes, 
nares, lips, and tongue. 

5. The radiation delivery device (1 0, 40) of claim 3, wherein the 

25 temperature induction generator (16) raises the temperature of the patient's tissue 
including blood. 

6. The radiation delivery device (10, 40) of claim 5, wherein the 
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temperature induction generator raises the temperature of the patient's tissue 
including blood to about 40^ c. 

7. The radiation delivery device (10, 40) of claim 3, wherein the 
temperature induction generator (16) lowers the temperature of the patient's tissue 

5 including blood. 

8. The radiation delivery device (10, 40) of claim 7, wherein the 
temperature induction generator (16) lowers the temperature of the patient's tissue 
including blood to about SS^'C. 

9. The radiation delivery device (10, 40) of claim 3, wherein the 

10 temperature induction generator (16) raises and lowers the temperature of the 
patient's tissue including blood; and 

said controller (18) for computing the various blood parameters based on 
the absorbance of said at least one wavelength of radiation computes the various 
blood parameters at each of the lower, normal and higher temperature of said 

15 tissue including blood. 

10. The radiation delivery device (10, 40) of claim 9, wherein the 
temperature levels are about 33, 37. and 40°, respectively. 

1 1 . The radiation delivery device (10, 40) of claim 1 , wherein the patient's 
blood is carried in tubing (30), and the radiation emitter (12) is being applied to 

20 said tubing and contents, the radiation detector (14) is detecting through said 
tubing and contents, said temperature induction generator (16) is inducing 
temperature changes in said tubing and contents, and said controller (18) is 
computing the various blood parameters based on the absorbance of said at least 
one wavelength of radiation at various temperature levels of said tubing and 

25 contents. 

12. A radiation delivery device (10, 40) of claim 11. where in the 
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temperature induction generator (16) raises and lowers the tennperature of the 
tubing and blood contents; and 

the controller (18) for computing the various blood parameters measures 
the absorbance of said radiation at the lower, normal and higher temperature of 
5 said tubing and blood contents. 

13. A radiation delivery device (10,40) of claim 1, further comprising a 
plurality of radiation emitters (12), matching radiation detector (14) and generators 
(16), each matching emitter, detector and temperature induction generator being 
able to be set at different temperature levels so that said controller can 

1 0 simultaneously measure the absorbance of said radiation at said various 
temperature levels of said blood. 

14. A device (10, 40) to detect and measure elements of the blood, 
including, but not limited to, hemoglobin in any of its forms, comprising 

an emission means (12); 
1 5 a detecting means (14) which detects reception of said emission means 

after contact with the blood; 

means (16) of inducting a temperature change in the blood; 
means (22) of measuring the temperature of the blood; 
a controller means (18) for computing the various blood elements based on 
20 the contact of said radiation from said emissions means at various temperature 
levels of the blood, the controller having an input means (1 8) to allow various 
changes in the emission means, detecting means, and temperature inducting 
means; 

and a display means (24) to relay the various blood elements to an end 
25 user of the device. 

15. A device (10,40) of claim 14, wherein the detector means (14) detects 
the radiation emitted by said emission means (12). 

16. A device (1 0.40) of claim 1 5, whe. ein the radiation emitted by said 
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emission means (12) is selected from the group comprising visible light, infrared 
light, and ultraviolet light. 

17. A device (10,40) of claim 15, wherein the means (16) of induction of 
temperature changes in said blood is selected from the group comprising 

5 conduction, convection and radiation. 

18. A device (10.40) of claim 14, wherein the means (22) to measure 
temperature of said blood is selected from the group comprising electronic, and 
infrared. 



19. A device (10,40) of claim 14, further comprising of plurality of emission 
10 means (12), detection means (14), means (16) for induction of temperature, and 

means (22) for measuring temperature. 

20, A method for noninvasively determining one or more of the following 
blood parameters; total hemoglobin, oxygen saturation, partial pressure of oxygen, 

'' partial pressure of carbon dioxide, bicarbonate ion, total carbon dioxide, acid-base 
15 balance, base excess, oxyhemoglobin, deoxyhemoglobin. and oxygen content, in 
an animal or human, said method comprising of steps of: 

emitting radiation (12) having at least one wavelength to the blood; 
detecting (14) said radiation having at least one wavelength after contact 
with the blood; 

20 inducing (16) a temperature change in said blood while emitting and 

detecting said radiation through the blood; and 

computing (18) the various blood parameters based on the contact of said 
at least one wavelength of radiation at various temperature levels of the blood. 



21. The method of claim 20, wherein said detecting step (14) is selected 
25 from the group comprising detecting said radiation after absorbance, reflection, 
and any combination thereof with the blood. 
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22. The method of claim 20, wherein said radiation is selected from the 
group comprising visible light, infrared light, and ultraviolet light, or any 
combination thereof. 

23. The method of claim 20, wherein the inducing (16) a temperature 

5 change step includes conduction, convection, and radiation or any combination 
thereof. 

24. The method of claim 20. further including a step of measuring (22) the 
temperature of the blood. 

25. The method of claim 20, wherein said emitting step (12) includes the 
10 emission of a plurality of wavelengths to the blood, 

26. The method of claim 20, wherein said blood is contained in animal or 
human tissue and the radiation is being emitted to contact said tissue. 

27. The method of claim 26. wherein said tissue is selected from the group 
comprising hands, feet, toes, ears, earlobes. nares, lips, and tongue. 

15 28. The method of claim 20. wherein said blood is contained in a tube (30) 

outside of the animal or human tissue and the radiation is being emitted through 
said tube. 

29. The method of claim 20, wherein the emitting step (12) includes a 
plurality of emitters (12) having at least one wavelength, and the detecting step 

20 (14) includes a plurality of detectors (14) for delecting the radiation from said 
emitters. 

30. A device (10,40) for noninvasively determining characteristics of 
subject matter and the environment in which the subject matter exists, the device 
comprising: 
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an emitter means (12) having at least one wavelength of electromagnetic 
radiation applied to the subject matter; 

a detector means (14) which senses and measures reception of said 
wavelength after contact with the subject matter; 
5 a temperature induction means (16) for generating temperature changes in 

the subject matter; and 

a controller (18) for manipulating said emitter means, detector means, and 
temperature inductors means and for computing parameters based on information 
processed from the contact of said radiation at various temperature levels on the 
10 subject matter. 

31. A device (10,40) of claim 30, wherein the subject matter is a living 
organism and the characteristics determined are the temperature induced changes 
in biologic molecules. 

32. A device (10,40) of claim 30, wherein the detector means (14) senses 

1 5 and measures reception of said wavelength after absorbance through said subject 
matter. 

33. A device (10,40) of claim 30, wherein the detector means (14) senses 
and measures reception of said wavelength after reflection from the subject 

20 matter, 

34. A device (10,40) of claim 30, wherein the detector means (14) senses 
and measures reception of said wavelength after refractance from the subject 
matter. 



35. The device (10,40) of claim 30, wherein the emitter means (12) and 

25 detector means (14) are arranged serially thereby allowing calculations in time and 
frequency parameters, such as velocity of wave and pulse flow. 

36. The device (10,40) of claim 30, wherein the emitter means (12) and 
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detector means (14) are arranged in a parallel manner, thereby allowing 
calculations in more than one physical din\ension, such as amplitude. 

37. A device (10,40) according to claim 30. utilizing induced changes in 
temperature to effect alterations in the hemoglobin-oxygen dissociation curve, for 
5 noninvasively determining one or more of the following blood parameters; 

oxygen saturation, partial pressure of oxygen, partial pressure of carbon 
dioxide, concentration of bicarbonate ion and total carbon dioxide, acid-base 
balance, base excess, hemoglobin level, oxyhemoglobin level, deoxyhemoglobin 
level, and oxygen content. 



10 38. A method for facilitating the noninvasive determination of 

characteristics of subject matter and the environment in which said subject matter 
exists, the method comprising the steps of: 

emitting (12) at least one wavelength of electromagnetic radiation applied to 
said subject matter 

1 5 detecting (14) said wavelength(s) after contact with said subject matter; 

inducing (16) a temperature change in said subject matter while emitting 
and detecting said radiation being applied to said subject matter; and 

computing (18) parameters based on information processed from the 
contact of said radiation at various temperature levels on said subject matter. 

20 39. The method of claim 38, wherein said detection step (14), is selected 

from the group comprising detecting said radiation after absorbance, reflection, 
and any combination thereof with the subject matter. 

40. The method of claim 38, wherein the inducing (16) a temperature 
change step includes conduction, convection, and radiation or any combination 

25 thereof. 

41 . The method of claim 38, further including the step (22) of measuring 
the temperature of the subject matter. 
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42. The method of claim 38, wherein said emitting step (12) includes the 
emission of a plurality of wavelengths to the subject matter. 

43. A method for determination of hemoglobin level by means of measuring 
hemoglobin buffering effect in blood, the method comprising the steps of: 

5 determining the pH of the blood in accordance with the method of the 

present invention, 

calculating the bicarbonate ion in accordance with the method of the 
present invention, and 

estimating the hemoglobin buffering effect by comparing the pH and 
10 bicarbonate ion levels together, then computing the total hemoglobin level 
therefrom. 
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DEVICE FOR NONINVASIVE DETERMINATION OF BLOOD PARAMETERS 

TECHNICAL FIELD 



1. Field of the Invention 

This invention generally relates to a noninvasive method of quantitatively 
5 determining the concentration of components in a light- or other radiation- 
scattering environment. A novel means of varying temperature or other 
parameters to assist in determinations is presented. 

More particularly, the invention relates to spectrophotometry systems and 
measurements of behavior, action or function of substances which are affected by 
1 0 temperature or other variables. 

A method and device for the continuous monitoring of blood parameters is 
especially disclosed. This technology makes use of measurement of temperature- 
induced changes in the respiratory molecule hemoglobin to detennine acid-base 
balance and other parameters. 

15 2. Description of the Related Art 

There is no device currently known which can noninvasivety measure pH 
and/or blood gases. 

In a broad context, differential thermal analysis is a technique used in 
analytical chemistry for identifying and quantitatively analyzing the chemical 
20 composition of substances by observing the thermal behavior of a sample as it is 
heated. This methodology is widely used for identifying minerals and mineral 
structures, but is not perfomied noninvasive^ and is in fact usually destructive to 
the sample being tested. It is not useful in biologic applications. Similarly, related 
thermometric methods such as thennogravimetry, calorimetry. and cryoscopy are 
25 not related to the present invention. 

Induction of temperature changes has been used in the experimental study 
of chemical kinetics to facilitate measurement of reaction rates. The technique 
described herein does not depend upon any chemical reaction taking place. 

Temperature is a very important factor in the chemistry of both biologic and 
30 non-biologic systems. It reckons in the speed of reactions; indeed, if a reaction 
will occur at all. Temperature can be relatively easy t both measure and regulate. 
Furthermore, changing the temperature of a substance or system does not 
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normally .ama9e ,he substance In any «ay ,„i,hl„ a certain ,ange: dearly 

a«ec, a<.d- as. balance and pH because c, a direc afrec. on .He hydrogen ion. 

quan .nca„on of substances. ,, is used in medicine in the form of putee oximety 
ode.en.,ne the ratio of oxyhemop^in to deoxyhemo„obin and hus meZ^ 
e o ti,„ 3 ^^^^ spectrophotome,^ deals with measuTIt 

o.«, rad^n. energy transmWed or renected by a body as a function of u,e 
,0 r:?"- '""^'^'"""'^"^^^--—'^htthroughanoU 
ransnwted versus the wavelength of Infrared radiation. Since a„ bonds in a 

' allowing identification to be made. There Is a large area of prior a„ 
relating to spectrophotometry and. more speciflcally, to oximetry The mo . 
relevant phor a„ Known by the Inventor is reviewed below, but none Z 1 the 

method' ', '° « ^-^''^s 
m hodsofimprovingmeasurementsmadebystandardpuiseoximetry. while 

a::a. ri::' "^"""^ ^-"'^ oximeter 

measurhe™!"'"''''' ' '^'^ '° ""'P* «> 

25 ''^™''°^'""-'"'''''»«ly by means Of Simultaneous measurement Of 

systemic! ""^^ '° ^ 

30 ~nre"'r"~™*''"^- ^^—escdbes techniques 
0 measunng the infrared absorption „, hemoglobin at isobestic points of the oxy 

and "7 ^P-^- However, there Is no discussion relating to the us. of 

:zr:r^"""^-'"----'-«~v.,aventt^ 

U.S. oaten, 5.427,093. issued June 27. 1995 to Ooawa e, al. describes a 



BNS00CID:<WO 980384 /A2> 



wo 98/03847 PCT/US97/1 1895 

3 

device to disperse heat generated by the LED in an oximeter probe by means of a 
heat-dissipating plate. This is a potential benefit for standard pulse oximeters, but 
in no way improves their measurements or allow for new determinations, as in the 

device and method described herein. 
5 U.S. patent 4,167.331, issued September 11, 1979 to Nielsen, teaches the 

use of multiple wavelength techniques for identification of multiple absorbing 
substances. 

Several patents claim the non-invasive measurement of blood glucose 
using modified light radiation. U.S. patent 4,704.029, issued November 3. 1987 to 
10 Van Heuvelen, discloses the measurement of blood glucose by utilizing a 

refractometer, U.S. patent 5.448.992, issued September 12, 1995 to Kupershmidt. 
bases measurements on a polarized-modulated laser. U.S. patent 5.433.197 to 
Stark describes non-invasive glucose measurement using irradiation of the eye. 
There are many other such references, but none relate specifically to the 
1 5 technique of this application. 

U.S. patent 4.805.623. issued February 21 , 1989 to Jobsis. describes a 
spectrophotometric method of determining the concentration of a dilute component 
together with a reference component of known concentration. While not similar to 
the technology here disclosed, the patent teaches that obtaining an appropriate 
20 reference component is often problematic. The technique outlined in the present 
application obviates this lack of reference components for many cases, as 
determination of the concentration of many substances, such as hemoglobin level, 
in blood or other environments can now be done, and they in turn can serve as 
reference components. 
25 U.S. patent 5.492.118. issued February 20. 1996 to Gratton et al, also 

discloses a technique for determining material (specifically glucose) 
concentrations in tissues. This is done by measuring the scattering coefficient of 
light passed through the tissue and comparing this with a previous scattering 
coefficient determined with respect to the tissue. 
30 U.S. patent 5,402,777. issued April 4. 1995 to Warring et al. describes a 

device to facilitate non-invasive oxygen monitoring. This is a sensor system 
designed to improve the performance of a pulse oximeter under certain 
circumstances. While this may be a useful aid in standard pulse oximetry, it in no 
wav enables anv additional determinations to be made, as in the device described 
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in the present invention. 



Additionally, many patents disclose improvements to pulse oximeter probes 
sensor as advances in the art. Included in this group is U.S. patent 5.469.845 
DeLonzor et al, and many others. 

^ 2 PhYgiQlpqy and Biorh^niictrY p^>^|.>ir"i (prj 

This section refers specifically to hemoglobin and oximetry. Changes in 
many other substances secondary to thermal effects also occur, and 
measurements and determinations based on these effects are meant to be 
included within the scope of this patent application. 
10 Hemoglobin is the molecule which is essentially entirely responsible for 

carrying oxygen in ail vertebrates and some invertebrates (See; miisMsii 
Rg?Pirat9rv PhY sin jofly . Cambridge. MA; ButteoA/orth - Heinemann. 4th Edition 
(199.3). Chapter 10. pp 219-246): the remainder of this discussion will be limited to 
humans. It is contained in the red blood cell (RBC. erythrocyte), which Is the most 
15 common cell in the body. A molecule or single unit of hemoglobin (Hb) contains 4 
.ron groups, each of which can bind 1 molecule or unit of oxygen. Because there 
are 4 iron groups, a molecule of Hb can contain from 0 to 4 molecules of O, Hb 
which is carrying O, is known as oxyhemoglobin (HbO^), Hb not carrying oxygen in 
known as deoxyhemoglobin. The relative number of 0, molecules bound to a Hb 
20 molecule is referred to as saturation, expressed in percentage. Of course, blood 
.s composed of billions and billions of RBCs and Hb molecules, so the averaged 
saturation can take on any value from 0 to 1 00%, 

How well Hb is saturated with O, depends mainly on the "partial pressure" 
of oxygen in the blood. The higher the pressure of oxygen in the blood (PO,). the 
25 higher the saturation (SO,). However, the relationship between PO, and SO, is 
not linear (change in one is not always directly proportional to change in the 
other). The dependence Is described by a S-shaped "sigmoid" curve, common in 
the biologic sciences. This particular curve is call the Hemoglobin-Oxygen 
Dissociation Curve (HODC: see Figure 1). Hb absorbs 0^ in the lungs (to form 
30 HbO,). As the RBC travels to the tissues, the HbO, releases oxygen. 

Determination of the physiological parameters is a very important part of 
modem medical practice. Unfortunately, measurement of any of these parameters 
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has until recently always required a blood sample (arterial and/or venous) to be 

drawn, which is then analyzed by a laboratory. 

During the 1970's the first pulse oximeter was introduced. This device 

made use of spectrophotometry to allow approximation of arterial oxygen 
5 saturation (SaOz), termed Sp02 (saturation measured by pulse oximetry), by 

noninvasive means. After improvements, pulse oximeters are now commonplace 

in acute health care settings. 

Pulse oximeter design and function are well documented. The two principal 

forms of Hb (oxy and deoxy: Hb and HbOj) absorb different wavelengths of light 
10 to varying degrees. The standard oximeter utilizes 2 wavelengths, one in the "red" 

portion of the light spectrum and the other in the near-infrared. The absorbance 

of emissions from light-emitting diodes (LEDs) of appropriate wavelength is 

measured. The pulsatile (AC) and non-pulsatile (DC) components are calculated 

and compared, and the ratio of the corrected signal is collated to a stored 
15 calibration curve to yield SpOj. 

Transcutaneous monitoring of oxygen and carbon dioxide is also used as 

discussed in S.J. Barker, "Monitoring Oxygen and Carbon Dioxide"; International 

Anesthesia Research Society . March 1996. pp 1-7, but there are several practical 

difficulties with this technology. It is dependent upon cardiac output and skin 
20 perfusion, the electrode must be calibrated before application to the skin, and the 

sensor's membrane and electrolyte must be replaced periodically. The only 

significant application has been found In neonatology. 

There are many references disclosing noninvasive determination of 

glucose. However, no device has yet found acceptance in the marketplace for this 
25 function. 

There have also been numerous attempts at monitoring using miniaturized 
probes passed through arterial cannulae. The first approach employed Clark 
electrodes, the same oxygen electrode used In the laboratory blood-gas analyzer. 
More recently, the principle of florescence quenching has been used to develop 
30 fiberoptic "optodes" which can continuously monitor pH and PCO2 as well as PO2 
through an arterial cannula. Unfortunately, there have been some technical 
problems with optode accuracy and reliability. While this technology will no doubt 
improve, it remains very costly and is of course invasive in nature. 
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Thus, the so, can now be determined noninvasively. However still the 
only w„ ,0 ,e,em,i„e pH and other paran,e,ers accurately has been by drawing a 
btood sample and utilizing laboratory analysis. Such analysis is obviously invasive 
. (require, breaking the sKin; any time the sKin barrier is ruptured inflammation 
5 and/or infection can ensue,, very painful (puncture of an artery is technically more 
dfflcul. and much more painful than puncture of a vein, which is how most blood 
tests are performed), nsks blood contamination for both the subject and .he 
person draw,ng the blood, and creates toxic medfcal waste (syringe, needle 
g eves. Skin dressing, test tube or other container,. „ is expens.e to perfom,, not 

oniy,romthesupp,iesandthecos.of,heanaly.ermaking,hemeasu,emen. but 
the operation of the analyzer and the drawing of the blood both require trained 
personnel. The analyzer must be calibrated frequently w,* chemical reagents 
Which are costly and must be disposed of safely. Arterial puncture is also 
inherently dangerous, as « can cause a clot in the artery, and prevent blood ftow 
1 5 downstream-, thus depriving those tissues of oxygen. 

Therefore, it woukt be an advance In Ihe an to provide a system and 
method to nonlnvasively and quantitatively assess acid-base balance and related 
vanables. It would be another advance in the art lo nonlnvasively and 
quantitatively measure hemoglobin level rblocd counf) and oxygen content and 
20 capacy. It would be ye, another .mprovement in me sn to detennlne all these 
parameters rapidly and continuously. It would be of great betterment to make 
these measurements without the need for laboratory analysis, equipment, and 
personnel 1, wouW be an progression to have a device with such capabHItle, tha, 
IS easily transportable that could be used in an ambulance or when conveying a 
25 patient from one location to another. 

H would be a further advance to have a device for immediate diagnosis of 
poisoning such as that due to carbon monoxWe. ,t would be advantageous to 
alk«v rapkl noninvasive screening of blood disorders such as sickle tell anemia. 

DISCLOSURE OF INVENTION 

30 The subject Invention concerns a novel method for noninvasiv. 

delem,matk.n of properi . of subject matter and the environment or milieu in 
Which the subject matte, . ..sts. The method util^ changes in molecules 
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induced by thermal energy to facilitate measurennents. In a preferred 
embodiment; a new and unique method and device for noninvasive determination 
of oxygen saturation (SO2), partial pressure of oxygen {PO2), partial pressure of 
carbon d\ox\de (PCO2). bicarbonate ion (HCO3*), total carbon dioxide (TCO2). acid- 
5 base balance (pH). base excess, total hemoglobin level (Thb), hematocrit (Hct) 
oxyhemoglobin level, deoxyhemoglobin level, and oxygen content is described. 

The HODC is ''shifted" to the left or right (as shown in Figures 2 and 3 and 
as discussed in the literature) by three factors: temperature, acid-base balance of 
the blood, and the concentration of substances called organic phosphates in the 

10 blood. The organic phosphates (the principal one is called 2.3- 

diphosphoglycerate: 2.3-DPG or 2,3-biphosphoglycerate: 2.3-BPG )are 
molecules which bind to Hb to facilitate oxygen transport. While they are 
important, disorders are very rare, and virtually all people can be assumed to have 
normal levels except in exceptional circumstances. They will not be addressed 

15 further here. 

This leaves temperature and acid-base balance. The effects of these 
factors have been well described in the references cited. However, the only use of 
this infomiation has been to "correct" values of blood samples to what they would 
read at standard temperature and pH. 

20 The technology described herein utilizes the known shifts in the HODC. 

along with other science, to perform the measurements and calculations 
necessary to determine all parameters mentioned above. As mentioned, the 
factors which cause these shifts are well documented, as are the relative degrees 
of shift due to each factor. By controlling and varying temperature, one can 

25 calculate the degree of shift due to thermal effects. Any remaining degree of shift 
is due to alteration in acid-base balance. As the influence of acid-base balance 
upon the HODC is known, alterations and status of acid-base balance can be 
determined. 

The oximeter estimates the SO2 of blood. Thus, it is in effect delineating a 
30 point on the HODC. Clearly, this is oblivious of any shift in the curve. By 

measuring SO2 at two or more points at known temperatures, or one point where 
the temperature is changed to two or more different known values, one can 
calculate the ''standard" curve. Any deviation in measured values from this curve 
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imply an alteration in acid-base status. 

In addition, the pH and PCO, are known to be affected by the temperature 
of blood, and these effects are quantified in the literature. (See. O.Siggaard- 
Anderson.,.Thg Acid-Rflf^e Stmm of tho pinnd, 4th Edition, pp. 29-91 Baltimore 
5 MD; Williams & Wilkins (1974). and J.F. Nunn. Nunn's Anni.H R.c:p .>,^,nf 

mmm. 4th Edition, pp. 247-305; Cambridge. MA. Buttenvorth-Heinemann 
(1993). 

Thus, comparison of saturation values at different known temperatures 
allows computation of acid-base balance and the parameters which affect it. 

As the hemoglobin molecule is the primary buffer for acid-base balance in 
the body, estimation of hemoglobin level can be made from the degree of buffering 
effect (see Figure 4 and H.W. Davenport. The ABC of ^.,h.«,.. 
Ed.t.on revised, pp. 8-68. Chicago. IL. University of Chicago Press (1971). 
The technique of repetitious determinations made while altering 
15 temperature or other variables allows a multitude of additional analyses to be 
made. The determinations can be made intermittently or continuously. 

The invention, together with additional features and advantages thereof 
may best be understood by reference to the following description taken in 
connection with the accompanying illustrative drawings. 

^° BRIEF SUMMARY OF DRAWINGS 

Figure 1 is a representative graph of the normal hemoglobin-oxygen 
dissociation curve. 

Figure 2 is a similar graph showing examples of "shifts" or alterations in 
the hemoglobin-oxygen dissociation curve due to changes in temperature. 

Figure 3 is a similar graph showing examples of "shifts" or alterations in 
the hemoglobin-oxygen dissociation cun^e due to changes in acid-base (pH) 
status of the blood. 

Figure 4 is a representative graph of the hemoglobin buffering effect in 
whole blood. 

Figure 5a shows an embodiment of the invention for use on a finger. As 
mentioned in the text, any part of the body that can be successfully 

transilluminated with the radiant energy used can be utilized. Thus toes lips etc 
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could also be used. 

Figure 5b shows an embodiment of the invention using two fingers. 

Figure 5c shows an embodiment of the invention using three fingers. 

Figure 6 shows a close-up of an embodiment of a probe for use on a 
finger. The temperature induction and measurement instrumentation are included, 
as are radiation emission and detection means. Information would be relayed 
between the probe and additional components (processing, entry, and display 
units). 

Figure 7 shows an embodiment of the invention whereby fingers are 
placed inside a housing. This embodiment allows multiple simultaneous 
measurements to be made. The radiation source, emitters and detectors, and 
heating/cooling means would all be contained within the casing. The processing, 
entry, and display units could also be housed within the casing for a single self- 
contained assemblage. 

Figure 8 shows a close-up of an embodiment of a casing containing 
elements of the invention. 

Figure 9 shows a close-up of an embodiment of the invention for use on 

tubing. 

Figure 10 shows a preferred embodiment for the production and 
transmission of light radiation. Light of a specific wavelength and intensity is 
generated and transmitted to the desired site. 

Figure 11 shows a standard calibration cun/e used in pulse oximeters. The 
calibration curve is used by the oximeter to calculate arterial oxygen saturation 
(Sa02 ) from the ratio (R) of the light absorbed (A) by the tissue being monitored. 

MODE FOR CARRYING OUT THE INVENTION 

Many forms of electromagnetic radiation can be used to aid in identification 
of, or to provide other relevant infomiation about molecules, or substances, or 
their environment. The invention herein utilizes induced temperature changes to 
assist and improve these measurements, and enables detemiinations not 
previously possible. The description which follows is in reference to the study of 
blood . but can be applied to other substances as well. 

All matter is affected by electromagnetic radiation and heating. The longer 
radio waves induce chieflv thermal aoitation of molecules and excitation of 



10 



15 



20 



25 



30 



W098A)3847 „ ^ 

PCT/US97/1I895 

molecular relations, while inftared rays excite vibrattonal n,odes of large molecules 
and release fluorescent emission as well as heat Tf«se effects are documented 
■n standard texts and reference works of Physical chemistry. However many 
t»ologic molecules, and a great number of other substances, exhibit effects or 
behavor when exposed to temperature variation which are not directly attributable 
to them,al energy, ^ese indirect effects can be used to aid in Identification of or 
to provide other relevant infom,atlon about, the molecule or substance or Its ' 
environment. The Invention herein detailed enables measurements and 
detem^nations of these effects. The description wh,ch follows is in ^ference to 
study of the hemoglobin molecule, but extension to other substances ensues 
clearly. 

One part of the Invention consists of methods of spectrophotometry and 
oximetry commonly employed In the practice of medicine. Another part of the 
.nvemlon consists of a device used to induce temperature changes In blood o, 
other media Included herein are algorithms for the calculation of variables not 
measured directly. The algorithm outlined below serves as an example but 
modtatlons ana possible to arrive at the indicated results, and are mean, to be 
included within the spirit or this invention. In a preferred embodiment the 
inventton consists of a radiation deliver device 10 for facilitating the noninvasive 
mon*oring of a characteristic of a patient's blood parameters. The device 10 as 
Shown m Figures 5a-c and 6 Is used to Induce temperature changes In the blood 
The device 10 includes a radiation emWer 12 having at leas, one wavelength 
being applied through a patient's tissue (T) to the patient's blood; a radiation 
detector 14 wWch detects reception of the at least one wavelength after 
absorbance through the blood; a tempe^ture Induction generator 16 fo, inducing 
emperature changes In the blood; and a controller ,8 for conrpuUng me var*,us 
blocd parameters based on the absorbance of the at least one wavelengtt, of 
radiation at various temperature levels of the blood. The radiation emitter 12 
detector 14. temperature Induction generator 16 are all inserted in a probe 20 
which can be placed about the tissue/blood to be measured 

22 so that the temperature of the tissue amj blood can be accurately detem,ined 
The controller 18 Includes a compuUng device or standard personal computer ,PC, 
wm a monitor 24. Included ..thin the controller are aloorithms for the calculaUon 
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of variables not measured directly. The algorithm outlined below serves as an 
example, but modifications are possible to arrive at the indicated results, and are 
meant to be included within the spirit of this application. Various additional 
components of the device 10 will be discussed in more detail below with reference 

5 to Examples 1-18. 

The normal temperature of the human body is defined to be 37° centigrade, 
the normal pH is defined to be 7.40, and the normal base excess is defined to be 
0. These values are not necessary for the practice of the invention, but serve as 
reference points for values in the current medical literature. 

10 Of note, the hemoglobin level and oxygenation of the blood in the arterial 

circulation is the same no matter where measured, as blood is thoroughly mixed in 
the left heart before ejection. Thus, the probes could be on fingers, toes, lips, etc., 
or any combination of these. 

The description is also intended to include in vitro blood containers such as 

15 tubes 30 such as shown in Figure 9. The reference numerals in Figure 9 are the 
same as shown in Figure 6. 

The electromagnetic radiation in this description will refer to tight in the 
visible and infrared range although, as noted in the attached claims, it is 
conceivable that other forms could be used. 

20 Similarly, while the present invention describes the use of transillumination, 

it will be appreciated that reflectance spectrophotometry may alternatively be 
employed. 

The absorbance spectra for a great many substances are known, for 
example, that of glucose. A problem with infrared detection of glucose is that 

25 many other substances in blood have similar absorbances in regions of the 

infrared spectrum. This makes it difficult to differentiate glucose from these other 
substances. However, all infrared spectra will alter in response to temperature 
change. By definition, the spectra of different substances will change in different 
ways, because their molecular configurations are different. Thus, comparison or 

30 spectra at varying temperatures will allow separate identification. 

OPERATION OF DEVICE 

Incident radiation passing through a body part is attenuated (absorbed) in 
the tissue. The theoretical basis for soectroDhotometric technioues is Beer's law 
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m eeer-Umbert-Booguer law, which expresses .he incident intensity In terms of 
.ansn,*.. intensity and extinction coe,r„ients of the tissue con^partlj 
.hrough „h«, the radiation has passed. The equation can .e wL as 

Where I. is the incident intensKy of the source radiation, 1 is the transmitted 

r oZ! TT- ' ' — ' 0' 

m on nt cnterest. C isthe concentration of the component in the tissue itseif 

and L ,s tne ..*ca, path ^„,th (distance, through the ehsor.>er. Beers iaw a J' 
T'T, Of spectrophot».e,^ and oximet^ nave heen exhaustively reviel 

«1, r H """^ '"^ o< .^e Signal is 

anenal bood. whi^ all othertissue absorbers should be non-puisatile ,DC, 

A ,,ght Signal o, a Known Intensity and wavelength is produced by means of 
Ngh .m«,ng d^les (LEDs, as in currently used oximeters or, as In the preZ 

otattn mer or d«„s,on grating. In the latter case, the emitted light Is distiW 
through a .terwhich allows a Known wavelength and intensity of light to 
penetrate. "3e of tunable lasers or other eguipment Is also pLib^ ' 
"'^-"9«3°-ceisproximatetothepoimofuse,nofurthermodeof 
P»Uy means such as a „ber optic cabfe, preserving the wavelength and 

several means of temperature Induction are possible. Possibilities are 
rslTeiT""''""'""'''^""'"''-^"'-^'--*'-^ 
othe atea cf need, no further transmission maybe needed If this is not the case 
.he means w. be transported to the desired point by appropriate tubing ^ 

Va«,us means of temperature measurement are also possible A large 
va^ectronic.^^^^^^^^ 

infrared detenranation may also be used. 

A broad-band photo detector (in the case of visible or infrared lioht, or oth„ 
-ans will be utLzed to measure the guant^y of transmitted l,ht The 
wavelength, ,ntens«y, and timing o, the emitted signal is Known, aitowing the 



BNSDOCID:<WO fl803847A2> 



wo 98/03847 PCT/US97/11895 

13 

extinction coefficients for the compartments through which the light passed to be 
calculated. 

To generate a single data point, the temperature induction means is used 
to bring the finger (or tubing or other space of Interest) tg a known temperature; a 
5 temperature measurement means will be used to confirm the temperature and 
adjust the temperature induction means if necessary. Light of known wavelength 
and intensity is emitted (and transmitted if necessary) on the surface of interest. 
Detection of the light signal at a distinct point (normally opposing surface) is made 
and the relative absorbance and extinction of the signal is calculated. This 
10 measurement may be repeated one or more times to ensure the accuracy of the 
measurement; this can be done within a very short time frame (less than a 
millisecond). 

To generate multiple data points, the process outlined in the previous step 
will be repeated at the next chosen wavelength, while still at the same 
15 predetermined temperature. In the embodiment described herein, as shown in 

Figure 10. the filter 42 would be rotated so that the next wavelength filter would be 
adjacent to the fiber optic transmission cable. The range and number of 
wavelengths can be selected, and changed for different applications. 

Once the desired number of wavelengths has been examined, the 
20 temperature induction means would bring the volume to a predetermined second 
temperature, and the data collection of steps would be repeated. At the 
completion of measurements and determinations for this second temperature, the 
temperature induction means will bring the space to a third predetermined 
temperature, and the measurements and detenninations repeated. This process 
25 would be continued until the desired range of temperatures has been scrutinized. 
The device can be operated intemnittently or continuously. In the 
intermittent mode, a single set of calculations can be used for analysis to produce 
the detenninations claimed. However, the device can also be easily operated in 
continuous mode, with the process outlined above repeated as often as wished 
30 (constantly if desired). In addition, a rapid ("stat") mode can be offered with the 
. minimum number of measurements made that will provide an accurate estimation 
of correct values. Such a rapid mode would be useful in emergency situations. 

While this methodology should give precise values, further adjustment may 
be desired to comoensate for anv discreoancies between theoretical and in vivo 
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measurements. Contemporary oximeters in fact use a calibration curve when 
detemiining oxygen saturation, with the cun/e being generated with data from 
normal volunteers. A standard calibration curve for a typical oximeter is shown in 
Figure 1 1. If necessary, such a calibration or compensation curve can be created 
for use with these procedures for perfomiing noninvasive. 
CALCULATIONS AND ANALYSIS 

The "Henderson-Hasselbach" equation, which is discussed by A Maas et 
al."On the reliability of the Henderson - Hasselbalch equation in routine clinical ' 
acd - base chemistry". Apnals^nigal Pipchemistry. Vol. 21. pp 26-39 (1984) is 
well known in physiologic chemistry, describes the dissolution of an acid in temis 
of PH. PK (d.ssolution or dissociation constant), and the concentrations of the acid 
and its salt or base. The solubility, a . of carbon dioxide (CO,) is temperature- 
dependent, and the pK for CO, depends on both temperature and pH. For CO, 
the Henderson-Hasselbach equation becomes: 



[HCOj] 

pH = pK + log 



aPCO, 

or an alternate form can be used: 

since (TCO,] is very close to the sum of [HCO3 ) and a PCO, . 
[TCO,] = [HCO3] +aPCO, and 
(HCO3I = [TCO,J-aPCO, ;then 

(TCOJ - a PCO3 
pH = pK + log 

a PCO2 

The degree of shift of the HODC is detemiined using calculations similar to that 
descnbed below by Nunn (referenced above) and Kelman (G.R. Kelman 
•Nomograms for Correction of Blood PO, PCO„ pH, and Base Excess for Time 
and Temperature". Journal Of /\ppH>n PhY<^io|oqy. Vol. 21. No. 5. pp 1484 - 1490 
(1966)). and modified by Siggaard-Andersen (referenced above) and others, can' 
be calculated by: 
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temperature factor = antilog{0.024(37-temperature)} 

pH factor = antilog{0.48(pH-7.40)} 

base excess factor -antilog{-0.00 13 x base excess} 

Calculation of blood oxygen content is made by computations similar to that of 
5 Nunn: 

content (ml 02/dl) = THb(g/dl) x SO2 x 1.38(ml O^/g HbOs) + 0.003 x 

Conversion of PO2 to SOj is done using modifications of Adair's equation or 

Kelman's computation: 

10 SO2 = (25 X (0.0257 x PO2 + 2 x 0.00078 x (PO2)' + 3 x 0.00000444 x (PO2)' + 4 
X 0.00000255 X (POj)') / (1 + 0.0257 x PO2 + 0.00078 x {PO^f + 
0.00000444 X (POj)^ + 0.00000255 x (PO2)')) 

15 calculation of base excess can be done by the following formula or other known 
means: 

base excess = (1 - 0.0143 x Hb) x ( [HCO/] - 24) 

It should be noted that all stated formulas are subject to change and/or 
20 modification, and represent approximate values. Alterations of this algorithm will 
be suggested to those skilled in the art, and are meant to be included within the 
scope and spirit of this application. 

The following algorithm describes the use of the present invention. Some 
variables have degrees of co-dependence. In these cases, values are calculated 
25 by iterative computational techniques. 

Measurement of SOj is made by a first probe 12 and apparatus 10 
comparable to that shown in Figures 5 and 6, using methods similar to standard 
oximetry described in the prior art. The probe is at a set known temperature. 
Calculation of PO2 is made using computations similar to those described in the 
30 references and set forth above. For convenience, this probe may be brought to 
37°. in which case the "true PO2" can be calculated without correction for 
temperature ("normalization" to 37° ), If the temperature is in fact a different value. 
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correction may made by methods similar to those described in the references and 

described above. 

Measurement of SO, is made by a second probe at a different temperature 
Alternately, the temperature of the single probe can be changed and a 
5 '-'termlnatlonofSCmadeatthenewtemperature. A higher or lower value of 
temperature can be used, although for ease of measurement one may be 

preferable. 

Calculation of Po, « made as above. The difference in Po, due to the 
temperature difference (shift in HODC) between the two measurements is 
10 factored. 

Afterthe temperature change has been factored, any remaining difference 
-s due to a Shift in the HODC due to acid-base balance. This is primarily due to pH 
and only a very small component is due to base excess The base excess can be 
15 HOoT' back-factored into the calculated shift in the 

The "PH factor" is calculated from the ratio of the two determinations of 

Correction of the pH factor is made for the known change in pH due to 
Change in temperature. Biochemically, temperature has an effect on the hydrogen 
20 ion distinct from the shift in the HODC. 

The alteration of pH from nomial (7.40) is calculated. If there is no 
alteration, this implies a pH of 7,40. - 

*«"'«PH»Known, computation of the carbon dioxrde parameters is 
done using the Henderson-Hasselbach equation as described above The effect 
of temperature on PCO, is known, as in the consequence of temperature and pH 
on pK. Thus. PCO. (HCO, 1, and (TCOJ can be computed or calculated by 

nomograms similar to those elucidated by Siggaard-Andersen (referenced above) 

and others. 



25 



30 



PO,. 



Now that the pH and [HCO3-] are known, computation of Hb level can be 
made by construction of the buffer line of blood as shown in Figure 4 (see also 
Davenport, referenced above). Calculation of base excess is done as in the ' 
formula above. As mentioned, base excess can also be computed from a relative 
sh,ft in the HODC. and this additional computation can serve as a confirmation of 
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Hb level. 

Oxygen content is computed as per the calculation above. 
As mentioned above, modifications of this algorithm will be suggested to 
those skilled in the art, and are rneant to be included within the scope and spirit 
5 of this application. For instance, the case of base excess was cited. 

Additionally, the effects of 2,3-DPG have been ignored in this description, as 
they are not normally considered in current clinical practice. Clearly one may 
wish to take these into account under certain circumstances. 

Similarly, the effects oxygen and carbon dioxide have on the transport of 
10 each other in blood are described by the Bohr and Haldane effects (together with 
hemoglobin level). These effects can be used to calibrate and validate results. 

Following are examples which illustrate procedures for practicing the 
invention. These should not be construed as limiting, and that various 
modifications will be suggested to persons skilled in the art and are to be included 
15 within the spirit and pun/iew of this application and the scope of the appended 
claims. 

EXAMPLE 1 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. 
Measurement of SOj is made by use of a light signal 12 and photo detector 14. 
20 The heating/cooling element 16 in the probe 20 is then used to raise the 

temperature of the finger (F) to approximately 40° C A second measurement of 
SO2 then is made. The algorithm outlined above is used by a computing device 
1 8 to calculate all relevant variables which can be displayed on a monitor 24 for 
evaluation by a user. 

25 A device 10 such as this might be used in place of laboratory analysis for 

stable patients or part of routine physical diagnosis, where the parameters are 
expected to change very little over the course of several minutes. 

EXAMPLE 2 

Two probes 26 and 28 similar to that illustrated in Figure 5b are used. The 
30 heating/cooling element 16 in one of the probes is used to raise the temperature of 
its finger to approximately 40^ C. Simultaneous measurements of SOj are made 
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by .he probes, one probe a, body „„,pe,a,ure and .he Cher probe a. the 

"'"^"^ '» -even. 

'^™'^>''«««'"bodlmen.shownlnRgures7ar,d8isu»d A device 
Where .he para™,ers .Igh, be expeced .0 change scewha, over .he cole o, 
wh«h recedes several Angers o.a human pa,ien, ™.hin ,he hoosing A sL or 
10 with respective heating/cooling elements. 



,20 



EXAMPLE 3 

A «rs, ITJT !■ '° ^^5- =0 are used 

A p Ob 32 ,s used „.hou. hea.(ng or cooling .he respeCive finger. The 
hea.,ng/cool,ns device 16 in a second pn,be 34 is used .0 rais. .h , 

one finger ,0 app™xi™a.e^ 40" C The hea.inoZr h °' 
« ^ ™"'"9'""'"'S device 16 in a thiiti crobe 

3^^.s used ,0 lower .he .«.pera.reo,arespecive.hird„nger.oappro.n,ar 

and I T " °' '^^ 32, 34 

Al.er„a«ve,v, .he embodimen. shown ,n Figures 7 and 8 having multiple 
, finger probes could be used. "'"'"Pie 

A device such as .his migh. be used in emergency rooms, chtica, care unite 
or dunng anes.hesia for high-nsK pa,ien.s, where .here is concern .ha. ^ ' 
e.erm,ned parameters migh, change very rap«l, and also where sig„ifican.ly 
25 tower values of So, and Po, may occur. ^ 

EXAMPLE 4 

Two probes 20 similar .0 .ha. illus.ra.ed in Figure 9 are used The 
hea.,ng/cooling device 16 in one of me probes is used .0 ra,se .he temne,,, , 

--.30a„dcon.en..oapp„.ma.e,y40.C. Simu^anerrarr 
ofSO,aremadeby.he^«op,obes. The algoH.hm outlined above is used to 
calculate all relevant variables. 
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A device such as this might be used during hemodialysis, where the blood 
is circulated in tubing outside the body, and parameters might expected to change 
over the course of several minutes. 

EXAMPLE 5 

Three probes 20 similar to that illustrated in Figure 9 are used. The 
heating/cooling devices 16 in the probes are used to bring the temperatures of 
three separated pieces of tubing 30 and their contents to 33°, 37^ and 40^ 
respectively. Simultaneous measurements of SOj are made by the three probes. 
The algorithm outlined above is used to calculate all relevant variables. 

A device such as this might be used during cardiopulmonary bypass, where 
the blood is circulated in tubing outside the body, and parameters might be 
expected to change rapidly. 

EXAMPLE 6 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. The 
heating/cooling device 16 in the probe is used to vary the temperature of the finger 
from 33^ C to 40° C in increments of 1° C. Measurements of SO2 are made at 
the differing temperatures. The algorithm outlined above is used to calculate all 
relevant variables. 

In this manner, a series of data is collected for improved accuracy in 
performing calculations. 

Comparably, an example with a single probe 20 for tubing 30 similar to that 
in Figure 9 is envisioned. 

EXAMPLE 7 

Two or more probes 20 similar to that illustrated in Figures 5a and 6 is 
used. The heating/cooling device 16 in the probes are used to vary the 
temperatures of the fingers from 33° C to 40** C in increments of 1° C. 
Measurements of SO^ are made at the differing temperatures. The algorithm 
outlined above is used to calculate all relevant variables. 

In this manner, a series of data is collected for improved accuracy In 
performing the calculations. 
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comparably, an example ^ „ ™e probes 20 for tubing 30 similar ,o 
that in Figure 9 is envisioned. 



EXAMPLES 

A single probe similar to thai Illustrated in l^igures 5a, 5b, 5c, and 6 are 
used. Absorbance of emitted radiation over several wavelengths is measured 

A device such as this might be used to measure glucose, potassium, urea 
creatinine, or other blood constituents. It could also detect substances not ' 
nom,ally present in blood (or presem in very small guantitles) such as fetal 
hemoglobin, myoglobin, etc. 

Comparably, examples with two or more probes for tissue or tubing are 

envisioned. ^ 

It is Clear from the prior art cited that the invention described herein will 
measure the presence of other substances in blood in a manner equal and 
many cases superior, to current techniques. 



in 



EXAMPLE 9 



A Single probe 20 Similar ,0 that Illustrated in Figure 9 IS used. Insteadof 
blood, measurements are made fron, a different body fluid such as urine, using the 
tubmg from a bladder catheter. 

A device such as this might be used to measure glucose, urea, creatine 
or the excreuon of some substance In the urine 

30 can h°T?' ""^ " ''"^ <^ 

30 can be utilized as discussed above. 

EXAMPLE 10 

25 w '° '° """"" 5a and 6 is used A 

mu„,ude Of wavelengths, scanned OeleoSon of Ingested <.n,gs, medlcaUons or 
other substances, or their metabolites, is made. Similarly, substences which 
appear Within the body after other types of exposure, su* as Inhalation, can be 

30 3D. ?"'.'"'''''''"*'^"'*'*°'"'"«'''°l'»=20'o'tissue(T)or,ubing 
30 30 can be Utilized. ^ 

A device Of this nature mav be used in the wod,place. hosoital emeroencv 
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rooms, or laboratories. Diagnosis of carbon monoxide poisoning 
(carboxyhemoglobin level) will be made rapidly and noninvasively. Even more 
importantly, the consequences of this poisoning, in the form of reduction in oxygen 
carrying capacity and metabolic acidosis, will be quickly known, allowing 
5 appropriate therapy to be chosen (oxyhemoglobin, carboxyhemoglobin. oxygen 
content, and pH can all be measured with the present invention). The results of 
therapy can be monitored continuously, and as long as necessary. 

EXAMPLE 11 

A single probe 20 similar to that illustrated in Figures 5a and 6 is used. A 
10 multitude of wavelengths is scanned. Screening of sickle cell disease or trait or 
other hemoglobinopathies can be done quickly and noninvasively for large 
populations. Results can be confirmed by traditional laboratory analysis. 

Comparably, examples with two or more probes 20 for tissue (T) or tubing 
30 can also be utilized. 
15 It is within the scope of this invention for diagnosis of other diseases or 

conditions which can be distinguished by markers in blood or other substances 
carried in blood or other body fluids. Examples include blood typing, screening of 
potential donors for bone marrow transplantation, certain cancers, etc. 



EXAMPLE 12 

20 Emitters and detectors can be arranged in serial pairs or a like configuration 

in probes similar to those in Figures 5 and 6. This would enable calculations made 
in the time or frequency domain, such a wave or pulse velocity. Emitters and 
detectors can be also grouped in parallel or concentric arrangement in probes 
similar to those in Figures 5 and 6. This would enable multi-dimensional analysis, 

25 comparable to computerized tomography. 

EXAMPLE 13 

The use of the present invention in monitoring of water or other liquids is 
also envisioned. A mechanism could be easily constructed whereby a 
modification of the invention could be placed "in-line" for the water system of a 
30 buildino or citv. In this manner the cualitv and ouritv of the water are constantiv 
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monitored and protected. The light absorption characteristics of an enormous 
number of substances are known, and can thus be screened for by the method of 
the present invention. Toxins, contaminants, or undesired substances can be 
detected and recognized quickly and easily, and appropriate measures instituted 
The sampling would not in any way affect the water or liquid, and the fluid 
would never leave its existing containers, such that samples would not have to be 
collected or disposed of in environmentally safe methods.. 

EXAMPLE 14 

The use in monitoring of air or other gases is also envisioned A 
mechanism in which samples of air from a building or industrial plant are 
continually monitored. As mentioned in the previous example, the light absorption 
Characteristics of a large number of substances are well documented, and these 
elements can be detected using this technique. Air quality can be monitored on a 
constant basis. Atmospheric sampling can be performed. 

EXAMPLE 15 

The in vitro utilization of this invention is further envisioned. Samples of 
blood or other body fluids can be taken, stored, and analyzed using the device at a 
later pomt. While some characteristics of blood or biolog,c fluids change over 
l.me. these changes are also well known, and the original characteristics can often 
20 be inferred. 

In the same line of reasoning, the invention may be used to investigate 
Changes and alterations in blood or other s„bslanoes over tln« or after subjecting 
the blood or other substance to some inten,ention. This is because the Invention 
IS noninvasive and nondestructive. 



25 



EXAMPLE 16 



The use ,n remote sensing applications is possible. Infrared techniques for 
distant temperature sensing are in use. When combined with the present 
invention, one may be able to measure many biochemical processes remotely as 
well. This Will assist In the study of atmospheric and other pollution, and a myriad 
30 of additional processes 
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EXAMPLE 17 

The use in environmental studies, such as the investigation of global 
warming, is foreseen. Substances are sought as markers which indicate 
temperature changes over a period of time. This invention will aid in this by 
identifying changes due to temperature. 

EXAMPLE 18 

A broad range of additional applications is envisioned. Ultraviolet and X-ray 
radiation are used in the technical analysis of artwork to assist in the 
establishment authenticity and age. Modifications of this invention will help in 
nondestructive testing by detection of substances within such works. 

EXAMPLE 19 

It is known that the infrared absorbance spectrum of water changes with 
temperature. The absorbance spectra of elements contained within water 
(contaminants, pollutants, or other substances) will also change with temperature. 
The spectra of these substances will change in a different manner than the 
spectrum of water. Thus, use of temperature pertubation or other agitation may 
greatly aid in analysis of such substances, without having to change the primary 
detection means. Many types of analysis tools and techniques currently in use 
could be greatly improved without large investment or retooling. Future analysis 
techniques could be developed utilizing this methodology to assist in 
measurements. 

Other variables or parameters not mentioned above an also be measured 
or estimated. For example, the hematocrit is commonly estimated as three times 
the hemoglobin level. As the primary determinants of blood viscosity are 
temperature and hematocrit, this can be estimated, which allows additional 
calculations of pressure, vessel elasticity, etc. 

The use of multiple or broad spectrum wavelength emission and detection 
(possibly combined with appropriate filters) enables the identification of a multitude 
of blood constituents, either naturally occurring or as the product of metabolism or 
pharmacokinetics. The identification of certain substances and their 
concentrations allows their use as references for determination of others. 
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Hemoglobins are found in all classes of vertebrates, m most invertebrate 
phyla, and even in some plants, other ,espi«to,y pigments such as 
chtorocruonns, hemerythrtns. and hemocyanins are found in other organisms The 

tneTo, " I '"^ ^" ^'"^"-'V. P.nts contain 
he motecule chor^pHyK in several fonns. Th^ substance ,s closely related to the 
hen,og.ob,ns of animal systems, and is also extremely sensitive to temperature 
c a„g«. A m„»i,ude o, other molecules, such as phosphorus compounds l*e the 
ade o, pH^pnates (ATP and others), found in both plants and animals. 
react™ to temperature variation. The technology outlined In this patent 
applK=ation is relevant to measurements and detemiinations for all these ' 
substances and. in many cases, the environments or milieu in which they exist 

The iechnique maybe utilized on homogeneous etements or maner which 
ts a combination of substances. 

"^•"■"""''""''erstood that the examples and embodiments described 
here,n are for illustrative purposes only, and that vanous modfficattons and 

tlTuTT "T '^'^^ -n. 

to .ndude all such modifications and embodiments. 
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DEVICE FOR NONINVASIVE DETERMINATION OF BLOOD PARAMETERS 

CLAIMS 

1. A radiation delivery device (10. 40) for facilitating the noninvasive 
monitoring of a characteristic of a patients blood parameters, the device 
5 comprising: 

a radiation emitter (12) having at least one wavelength being applied to the 
patient's blood; 

a radiation detector (14) which detects reception of said at least one 
wavejength after absorbance through said blood; 
10 a temperature induction generator (16) for inducing temperature changes in 

said blood; and 

a controller (18) for computing the various blood parameters based on the 
absorbance of said at least one wavelength of radiation at various temperature 
levels of said blood. 



15 2. The radiation delivery device (10. 40) of claim 1 wherein the radiation is 

selected from the group of visible light, infrared light, and ultraviolet light. 

3. The radiation delivery device (10. 40) of claim 1 wherein the radiation 
emitter (12) has at least one wavelength being applied to a patient's tissue 
including blood, and said radiation detector (14) detects reception of said at least 

20 one wavelength after absorbance through said tissue. 

4. The radiation delivery device (10, 40) of claim 3, wherein said tissue is 
selected from the group comprising hands, fingers, feet, toes, ears, earlobes. 
nares. lips, and tongue. 

5. The radiation delivery device (10. 40) of claim 3. wherein the 

25 temperature induction generator (16) raises the temperature of the patient's tissue 
including blood, 

6. The radiation delivery device (10, 40) of claim 5. wherein the 
temperature induction generator raises the temperature of the patient's tissue 
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including blood to about 40° c. 



7. The radiation delivery device (10. 40) of claim 3. wherein the 
temperature induction generator (16) lowers the temperature of the patienfs tissue 



including blood. 



5 8. The radiation delivery device (10, 40) of claim 7. wherein the 

temperature induction generator (16) lowers the temperature of the patienfs tissue 
including blood to about 33°C. 

9. The radiation delivery device (10. 40) of claim 3. wherein the 
temperature induction generator (16) raises and lowers the temperature of the 
10 patient's tissue including blood; and 

said controller (18) for compuBng ^ various btood parameters based on 
t e absorbance of said at least one wavelength of radiation oompu.es the vanous 
blood parameters at each of .he lower. nom,al and higher temperature of said 
tissue including blood. 



15 



10. The radiation delivery device (10. 40) of claim 9. wherein the 
temperature levels are about 33. 37. and 40«. respectively. 



11. The radiation delivery device (10. 40) of claim 1, wherein the patienfs 
blood is carried in tubing (30). and the radiation emitter (12) is being applied to 
sa,d tubing and contents, the radiation detector (14) ,s detecting through said 
20 tubing and contents, said temperature induction generator (16) is inducing 
temperature changes in said tubing and contents, and said controller (18) is 
computing the various blood parameters based on the absorbance of said at least 
one wavelength of radiation at various temperature levels of said tubing and 
contents. 



25 



12. A radiation delivery device (10. 40) of claim 11. where in the 
temperature induction generator (16) raises and lowers the temperature of the 
tubing and blood contents; and 

the controller f1 8) for comDutino the various blood narameters measures 
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the absorbance of said radiation at the lower, normal and higher temperature of 
said tubing and blood contents. 

13. A radiation delivery device (10.40) of claim 1. further comprising a 
plurality of radiation emitters (12), matching radiation detector (14) and generators 

5 (16). each matching emitter, detector and temperature induction generator being 
able to be set at different temperature levels so that said controller can 
simultaneously measure the absorbance of said radiation at said various 
temperature levels of said blood. 

14. A device (10, 40) to detect and measure elements of the blood, 
10 including, but not limited to. hemoglobin in any of its forms, comprising 

an emission means (12); 

a detecting means (14) which detects reception of said emission means 
after contact with the blood; 

means (16) of inducting a temperature change in the blood; 
15 means (22) of measuring the temperature of the blood; 

a controller means (18) for computing the various blood elements based on 
the contact of said radiation from said emissions means at various temperature 
levels of the blood, the controller having an input means (18) to allow various 
changes in the emission means, detecting means, and temperature inducting 
20 means; 

and a display means (24) to relay the various blood elements to an end 
user of the device. 

15. A device (10,40) of claim 14, wherein the detector means (14) detects 
25 the radiation emitted by said emission means (12). 

16. A device (10,40) of claim 15, wherein the radiation emitted by said 
emission means (12) is selected from the group comprising visible light, infrared 
light, and ultraviolet light. 

17. A device (10.40) of claim 15, wherein the means (16) of induction of 
30 temoerature chanaes in said blood is selected from the orouo comorisino 
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18. A device (10.40) of claim 14. wherein the means (22) to measure 
temperature of said blood is selected from the group comprising electronic, and 
infrared. 

5 19. A device (10.40) of claim 14. further comprising of plurality of emission 

means (12). detection means (14). means (16) for induction of temperature, and 
means (22) for measuring temperature. 

20. A method for noninvasively determining one or more of the following 
blood parameters: total hemoglobin, oxygen saturation, partial pressure of oxygen 
10 partial pressure of carbon dioxide, bicarbonate ion. total carbon dioxide, acid-base 
balance, base excess, oxyhemoglobin, deoxyhemoglobin. and oxygen content, in 
an animal or human, said method comprising of steps of: 

emitting radiation (12) having at least one wavelength to the blood; 
detecting (14) said radiation having at least one wavelength after contact 
15 with the blood; 

inducing (16) a temperature change in said blood while emitting and 
detecting said radiation through the blood; and 

computing (18) the various blood parameters based on the contact of said 
at least one wavelength of radiation at various temperature levels of the blood. 

20 21. The method of claim 20. wherein said detecting step (14) is selected 

from the group comprising detecting said radiation after absorbance. reflection, 
and any combination thereof with the blood. 

22. The method of claim 20. wherein said radiation is selected from the 
group comprising visible light, infrared light, and ultraviolet light, or any 

25 combination thereof. 

23. The method of claim 20. wherein the inducing (16) a temperature 
change step includes conduct.c:.. convection, and radiation or any combination 
thereof. 
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24. The method of claim 20, further including a step of measuring (22) the 
temperature of the blood . 

25. The method of claim 20, wherein said emitting step (12) includes the 
emission of a plurality of wavelengths to the blood. 

5 26. The method of claim 20. wherein said blood is contained in animal or 

human tissue and the radiation is being emitted to contact said tissue. 

27. The method of claim 26. wherein said tissue is selected from the group 
comprising hands, feet, toes, ears, earlobes, nares, lips, and tongue. 

28. The method of claim 20, wherein said blood is contained in a tube (30) 
10 outside of the animal or human tissue and the radiation is being emitted through 

said tube. 

29. The method of claim 20, wherein the emitting step (12) includes a 
plurality of emitters (12) having at least one wavelength, and the detecting step 
(14) includes a plurality of detectors (14) for detecting the radiation from said 

15 emitters. 

30. A device (10,40) for noninvasively determining characteristics of 
subject matter and the environment in which the subject matter exists, the device 
comprising: 

an emitter means (12) having at least one wavelength of electromagnetic 
20 radiation applied to the subject matter; 

a detector means (14) which senses and measures reception of said 
wavelength after contact with the subject matter; 

a temperature induction means (16) for generating temperature changes in 
the subject matter; and 
25 a controller (18) for manipulating said emitter means, detector means, and 

temperature inductors means and for computing parameters based on information 
processed from the contact of said radiation at various temperature levels on the 
subject matter. 
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31. A«-C.(10,.0)ofclaim30,^reinftesubiecm3«ensal,™g 
c^a„,s™ an. me Ca^ceHsHcs «e.e™i„ed a™ ,.e .e.pera,ure induce. 
Changes in biologic molecules. 

a ~--p.,on„,sa....n.Ha«.a.o.a„ce..^^^^ 

33. A device ,10.40) of claim 30, wherein (he detector n,eans ,14) senses 
10 — °'----*-erre.ction.„..,ir ' 



34. A dev,ce (10.40) o, Cairn 30, wherein the detector means (14) senses 
~resrecept.notsa.„^^^^^^^^ 

,5 de.J'' ''""'°°<'°''°'°'^^"^'''"''--«'«em«er means (12) and 
15 detector m,ans ,14) are arranged sehal^ thereb, a„ov.„« calcuiation in t Jand 

're,uencyparamete,s,suohasve,oci.yo,„aveandp„,senow. 

36. The device ,10,40) o, Caim 30, wherein the eminer means (12) and 

de e<^,or means (14, „e arranged in a paraiie, manner, thereby aiiowin, 
calculations in more than one physca, dimension, such as amplitude. 

20 37. Adevice (10,40) according to claim 30, utifeing induced changes in 

.omperature to effect alterations in the hemoglobin-oxygen dissociation Z , or 
™n,nvas,vely determtning one or more o, the tollo^ng blood pa^metl 

di^XKie, concentra,™ o, bicarbonate ion and total carbon dioxWe. ackl-base 

ir:r^'^^""™''"'"'-^'-«--^^ 

level, and oxygen content. 

38. A method for facilltatlr. the noninvasive determination of 

characteristics of subject matter ->-.rtthr.^^ • 

matter ..,d the environment in which said subiect matter 
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exists, the method comprising the steps of: 

emitting (12) at least one wavelength of electromagnetic radiation applied to 
said subject matter 

detecting (14) said wavelength(s) after contact with said subject matter; 
5 inducing (16) a temperature change in said subject matter while emitting 

and detecting said radiation being applied to said subject matter; and 

computing (18) parameters based on information processed from the 
contact of said radiation at various temperature levels on said subject matter. 

39. The method of claim 38, wherein said detection step (14). is selected 
10 from the group comprising detecting said radiation after absorbance. reflection, 

and any combination thereof with the subject matter. 

40. The method of claim 38. wherein the inducing (16) a temperature 
change step includes conduction, convection, and radiation or any combination 
thereof. 

15 41 . The method of claim 38. further including the step (22) of measuring 

the temperature of the subject matter. 

42. The method of claim 38, wherein said emitting step (12) includes the 
emission of a plurality of wavelengths to the subject matter. 

43. A method for determination of hemoglobin level by means of measuring 
20 hemoglobin buffering effect in blood, the method comprising the steps of: 

determining the pH of the blood in accordance with the method of the 
presentjnvention, 

calculating the bicarbonate ion in accordance with the method of the 
present invention, and 
25 estimating the hemoglobin buffering effect by comparing the pH and 

bicarbonate ion levels together, then computing the total hemoglobin level 
therefrom. 
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Figure 1 

Hemoglobin-Oxygen Dissociation Curve 
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Figure 2 



shifts in the HODC due to temperature 
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Figure 3 



shifts in the HODC due to pH 




partial pressure {PO2) 



BNSDOCI0:<WO «803S47A2> 



wo 98/03847 



PCT/US97/11895 



4/13 



Figure 4 



hemoglobin buffering effect 
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Figure 5a 
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Figure 5c 
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Figure 6 
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Figure 8 
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Figure 11 

Calibration Curve 



cs 
O 
o 



100 
90 - 
80 - 
70 - 
60 - 
30 - 
40 - 
30 - 
20 - 
10 

o 



o 
o 



o 
o 

CO 



o 
o 



o 
o 
o 



o o 
o o 



o 
o 

CD 



O 

o 



o 
o 
o 

« 



o 


o 


O 


. o 


o 


o 


o 


o 


o 


O 


o 


o 


o 


o 


• 




to 


o 


o 












cw 


n 


n 





^" ^660nm/ ^ 



940nm 



BNSDOCI0:<WO 9803847A2> 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa! Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATI ON TREATY (PCT) 

WO 98/03847 



(51) International Patent Classifiaition ^ : 
A61B 5/00 



A3 



(11) International Publication Number: 
(43) International Publication Date: 29 January 1998 (29.01.98) 



(21) International Application Number: PCrr/US97/ 1 1 895 

(22) International Filing Date: 10 July 1997 (10.07.97) 



(30) Priority Data: 
60/023,600 



19 July 1996(19.07.96) 



US 



(71)(72) Applicant and Inventor: MILLS, Alexander. K. [CA/US]; 
R.R. 2. Box 114. Bland, MO 65014 (US), 

(74) Agent: WARMBOLD. David. A.; 324 Strawbridgc Drive. 
Chesterfield. MO 63017 (US). 



(81) Designated States: AL, AM, AT, AU. AZ, BA, BB. BG. BR, 
BY. CA. CH. CN, CU. CZ, DE, DK, EE. ES. B, GB. GE, 
HU. IL. IS, JP. KE. KG, KP. KR. KZ, LC. LK. LR, LS, LT, 
LU, LV, MD, MG, MK. MN, MW, MX, NO, NZ, PL. PT. 
RO, RU. SD. SE. SG. SI. SK, TJ. TM, TR. TT, UA, UG, 
US, UZ, VN. ARIPO patent (GH, KE. LS, MW. SD. SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY. KG. KZ. MD. 
RU, TJ, TM), European patent (AT, BE, CH, DE. DK, ES. 
FI. FR. GB, GR, IE. IT, LU. MC. NL. PT, SE), OAPI patent 
(BF. BJ. CF, CG. CI. CM, GA, GN, ML, MR, NE. SN. TD. 
TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments, 

(88) Date of publication of the international search report: 

7 May 1998(07.05.98) 



(54) Title: DEVICE FOR NONINVASIVE DETERMINATION OF BLOOD PARAMETERS 
(57) Abstract 

A device (10, 40) and method for noninvasively 
quantifying important physiological parameters in blood. 
The device and method utilize changes in molecular be- 
havior induced by thermal energy of change to facili- 
tate the measurement of the physiological parameters in 
blood. Oxygen saturation, partial pressure of oxygen, 
partial pressure of carbon dioxide, concentration of bi- 
cartTonate ion and total carbon dioxide, acid-base bal- 
ance, base excess, hemoglobin level, hematocrit, oxy- 
hemoglobin level, deoxyhemoglobin level, and oxygen 
content can all be determined quickly, easily, and contin- 
uously. There is no need for skin puncture or laboratory 
analysis. 





BNSOOCID:<WO 9e03847A3> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Amienia 


VI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FK 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The fornier Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


N£ 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


2Umbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Gemiany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






££ 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNS0OCtD:<WO 9803847A3> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/n895 



A. CLASSIFICATIO.N OF SL RIECT MATTER 

IPC(6) .A6IB 5/00 

US CL :356 .^9. 600 334 
According to Intcmattonal Patent Classitlcation (IPC) or to both national classification and IPC 

D. FIELDS SEARCHED 

' Minimum documentation searched (classification system followed by classification symbols) 
• U.S. . 356/39.41.600.322.323.326.334 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Catcgon* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4,926.867 A (KANDA ET AL) 22 May I 990. ENTIRE 

DOCUMENT. 



US 5. 13 1.391 A (SAKAl ET al) 21 July 1992. entire 

DOCUMENT. 



1-6 



11,12 

14-18. 20-27. 
30. 32, 33, 38- 
42 



US 5,190.039 A aAKEUCHI ET al) 02 March 1993. entire 

DOCUMENT. 



1 9. 28. 29. 3 I 
34-37 

43 



3 I , 37 



I I Further documents are listed in the continuation of Box C. [ | See patent family annex. 



* Special ceteporiet of cued documenu 

*A* document deOning the general state of the art which 11 not contidcred 

to be or particular relevance 

'E* earlier document publisheJ 011 or after the iniemalional filing date 

'L' document whicn may mrow doubu on priority claimtsi or which it 

cued to etiabltsh the publication date of another ciuition or other 
special reaBon i»9 specified - 

*C'* documem referriiia 10 an oral disclosure, use. exhibiuon or other 

means 

*P' documem published prior to the iniemational filing date but later than 



'T* later document published after Uie mtemauonal filing date or prioruy 

date and not m conflict with the application but cited to undertund 
tlie principle or theory underlying the mvenuon 

'X* document of pariicular relevance; the claimed mvenuon cannot be 

considered novel or connoc be considered to involve an tnvcnuve step 
when the document is taken alone 

*V* document of particular relevance, the claimed invention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documenu. such combmalion 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
23 FEBRUARY 1998 


Date of mailing of the international search report 


Name and mailing address ol ihc ISA/US 
Commissioner of'Patents and Trademarks 

Box PCT 

Washington, D C. 20231 

Facsimile No. (703) 305-3230 > 


/ERIC F. XvINAKUfT"^^' ^ 
Telephone No. (703) 308-3940 



Form PCT/1SA/210 (second sheetXJuly 1992)i^ 



SNSIX)CIO: <W0 9e03847A3> 



